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o' 3 -a- -]
June 7, 1S45
Tos Al Line Recorder Supervisors & Operniors:
" Ilease male the following corrcetionz in your
.cop:-f of the Cperations Thmual:
- Page 115 < 1007 Adr Checks
e Cizn_c cters 1 & 2 of ths precedure to read.
. \/l - DOpsn valves 92 ond 91,
- \/2'.— Ciose valves €2 or 63, 99, 79, 6 und 83 or 34
' in the order given.
Page 117 « 95 =5 Check
Change steps 4 & Y to reced:
/Lp = Close valves 62 or 63, 99, 98, 22 und 91.
T 9 . then the cheecl: has boen completed, close valves 80
82 or 78, 81 and the Calibration lwai, Jpen 32
and 91 and pump out until the pirani is =ero.
— DECLASSIFIED --
by authority of: T, D, meBau (K-25/LMES) A aru e _
(06-P€D¢> @/455/.5'“73;4 /s .-// ~

on) Specialist- g é 3/ A ‘ ? 7

e ,l/,i./ S auy. -7 .
| i/ S PR e v
(Authorized Declassifier’s name and organization) <

Mf{cﬁ:ﬁq //a,é{.;fr | | [Re j- Thoras
2127

(b’ocument'idﬁaﬁon verified by) (date)

~

f

-
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Carbide and Carbon Chemicals Corporation Operating

RERatare (Ana) o Y
Contractor for the U.S. Atomic Energy Commission. 3 ] ) This document has been approved for release
- \FIED: T focn %
: UNGLAéS n Aped S Dpeer s 9(/43,

“Péchnical Information Officer, Date
Oak Ridge K-35 Site
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UNCLASSIFIED, s 7, 015

To: AL Lins Recorder Supervisors & Cperators:

For ihe pest nonth, the Line Keecriler Department hasz
endeavored to E;nintain the eold traps in the statioms as
Dr. llier has requested.

The requests arc as follows:

l. No ice on the chemical trap finger or collar.

2 TNo ice covering the lanifold L-2U trap.

3. Keep covers omn ;he Tube rack I~ and slush traps
at all times.

N _Adequate instructions as to the prceedures hnm beea covered
previously, and as for means to scrape the fce off of the
cold traios 2 10¢ paring knifc or any suitable sherp object
will do the tricke.

The above mentioned points are extrernly wital for
proper operaticn of the Line Rscorders and any person wille-

fully neglecting then will be required tc account to me in

Y QM/

Ho' Ao ﬁ'n&k

PerEan .

UNCLASSIFIED
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May 31, 1945
Tos All Line Recorder Operators and Supervisors

This is your copy of the Operstions ¥Mamal, so write your name
and badge mumber on ThHe Title Page.

The mamiul has becn written to standardize procedures through ocut
the Desartment and only with 100% cooperation can this be attzined. Follow
the nrocedures given in this mamal, and if at any time they become obsolete
or are proven incorrect, revislons will be made. Periodically, additiomal
informstion and the zbove mentioned revisions will be distributed for inser-
tion in your mammal. KEEP YOUR COPY UP-TO~-DATE AND IN GOOD CONDITIOR.

Security regulations will not allow you to leave this mamal
lying around in the strtion or to take it out of the plant. Please act
accordingly - we suggest that the mamal be kept in your locker or in the
stztion cabinet.

If any questions arise, explanations of the naterial sresented
herewith will be given by your supervisor or the Intra-Department Coordinator.

Because of the urgency in gétting this mamial finished, certain
items such as page minbers, values of const:nts, telephone mmbers, etc. huve
not been filled in completely. Included below is a list.of additions which
you should muke as soon as possible.

Page Add

7V Page—121 {eross-out the phrase "Noi
_3indicated-on—the Diagram®) ‘

ate correctly, under conditions,
with the Pirani-Teading s shown?
age 102.
in these Phone
Qffice Pax
301-3 45

Referxr

3103

383~

T

323

g4

iRe

<427

30
333~ 153 S
P Could any of your L.R. Uni per-
50—

k52

353

X55—
—206—

23—

32—

UNCL P\SS‘F‘ED;' Regpertfully yours

M. Burg
R. J. Thomas

AP SOOI M MY Lt MO X oo A T o g R e O
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LINE RECC(GDER DEPARTMENT

OPERATIONS MANUAL

Compiled and Edited
by
Re Jo T.homas
and

M, Burg

Contributions were made by various members of the

Line Recorder Department Supervisory Persomnel.

meg
Copy Number_ /2 9

. WnerW agries
'Badge Ho%% d"’”’? 550
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T.  INTRODUCTIICN {Pages L-1CC)
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B. Scope of Kanual. e e s s
0. Principles of Line fSecorgsr Overation.
D. Description of Equipment . o ., « ¢ + . »
1. Manifold. - . s e e e s
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een prepared
as a gnide to efficient operation of a Line Recordcer
Station, It is hoped that the manual will aid in
achieving uniform operating procedure throughout

the department.

Although this manual is intended to be of
most benefit to the station-operator, it is felt
that the entire personnel of the Line Tecorder
Dgpartmcnt will eain useful information from this

venlee
worls,

B. Scope of ianual

Included in this manual is a brief
discussion of the thwory of Line Recorder operation,
a descriptivi of the equipment used, the function of
the Central Control Rocm, anﬁ sections covering
routine, non-routine, and emergency procedures to
be followed in the operation of a Line Tlecorder
Station.

The material and procedures described here-
with are those which conform with the best information
available at the present time, However, it should be
understood. that the various sections of the manual

are subject to revision at any time,

Ed

v! 2 3 e’ bwma ¥ 1 I;L.\L
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¥ o ILie T.ecordar Unersilon

C., 2rinciples
The Line “=corder is an instrument vhich
is used to determine the compositiocn of the process

gas being Lreated in the 300 secticn. It emnlovs &

llass Spectrometer and a ilicromax Tecorder in order

to indicate and reccrd continuously the chanzes in

this composition.
The principal functions of the

Tacorder are 1o determinz whether or

age of G-74, air, or C-816 into the C-616 is normal,

and to assist in locating an abnormal leak in the

system, This is essential in order that the leaking

equipment be separated from the rest of the Cascade

so that normal operation may be continued.
1

The iass Spectrometer is based on the

nagsged
pac=sel

principle that gas pariticles, "which have been

throuen an electron berm and have been converted
- 5

into positive ions, will nove fron a higher to a
b 1)

lower potential in & definite path through an

electrical fielid,

4L magnet can bend this ior beam since the

charged particles tend to move alon: a curvad path

in a magnetic field. The different types of particles

can be sorted out since the heaviesit ions are least

affected by the magnetic field while the lightest

particles are deflected the most.

- e
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it is called the omincipzl
record s cimultaneously TED
recorder’ in

used for

i¢ the "“spare recorder

v the Central Contr>i Poom, <he oth:

(O]
[

{

o)
fipd
£
o
<
0
&)
i3
[ 9]
i

scanning to check the compositicns in the

otker cells of the building

Unrincid

21 recorder”,

or as a check on the

The C-616 is removed from tiae sample

stroam before it reachcs the lass Spectrometer

A it would cause damage to the tube.

The percentage of C~616 can

oY + < ~ ~1n
e octimaied Hy Suos~

tracting the sum of all measured impurities irom

the total sampie flow. The

PO .
£lov to the il. S,

tube must be kept constant to provide significant

rendings,

Tecorder

1vill be covered in rore

"section.

D, Description of
HARITOLD S

1.

The function of each part of the Line

unit to provide continuous gas analvsis

detoil in the following

Bouipnent

The Line.Recorder

_svstem which serves several

operation. Different secti

provide means for:

Se

ilanifold is & piping

i

rurposes in L. T.

ons of the munlfola

malnualnlng a flow of precess zas from

the 6A discharge of any cel

1 in that building to

the tube rack for analysis by the Lass Spectrometer

unite.

N

g S

ot e B
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with G-74 if necessary.

¢, Femoving a PG sample from any cell for
laboratory analysis, ‘

d. Static and dynamic calibration of the
11,5, uniﬁ and for pericdic checks of this cali-

bration.

Process gas is withdravm from the 6A
discharge of a cell through a 5/8-inch copper

line. It passes to the pipe gallery fto block

e < 7

walves saet beneath each station., The zas flows

to the manifold and into either the incoming top

s e

or bottom header, then throuch the various valves
and past the adjusfable leak before returning to

the outgoing top or bottom header and back to the
6A suction of that cell. A diagram of the L. P.

Manifold ic included as Fig. 1.

In the menifold, flow from each cell is
blocked off by closing the Crane "I" valves which
continue to permit flow tﬁrcugh the loop., If
cell 10 is being analyzed by Tube Tack "B"_on the .
Lower Loop, it can be seen from the diagram that
the following valves should be open: "I" valve 10
on the Incoming Bottom Hézder, 65, 66, and "T"
valve 10 on the Outgoing Bottom Header.:  "I" valves
58,/64, 63, and 69 are kept closed, and the flow is

then confined to the main line.

¢-5¢a . eI

"

} — “ R ey M A';' - Vs

e PUSI. .S Se%e < o




analysis, adjustable leak 71 is cracked slizhtly
until the prorer flow rate (zs indicated by the
Pirani Ga=e) is achieved. Opening valve 76
adnits the gas to Tube Rack "BY,
Al3l valves and lines for the afore-
nentioned flow are incased in a metal enciosure
in which dry air ié continually circulated, The
proper temperature 1is maintained by Calrod heaters

controlied automatically.

The evacuation system consists of a
mecharical pump and a Jdiffusion pump connected to
suitkably valved lines so that any portion of the
manifold can be cleared of PG or contaminants.

The proper valves to be opened for

evacuating various parts of the manifold can be

(=0

he 4

cr

determined from agram. Further discussion
on pumping-down procedures is included later in

this manual., : ‘

Samples of C-616 may be withdravm for
analysis in the laboratories by condensing the
C-616 in a cold trap, pumping off the non-condensable

gases, and vaporizing the C-616 into a sample tube.

B




XY

Sanmples may o€ coliccted end z<:
U-tube, but the Hoke rube is now in common "18S.
The sampiling equipment consists of
sampling manifolds by wvhich the process 3aS
circulating through +he menifold can be diracted
into either 2 U-tube CT = Hoke tube. The diagram
indicates the valve arrangement on the Hoke Tupe
sempling manifold. The csample is dravn off
through eitker vaive (8 or 69 through 90-1 and

is transferred fronm the cold trap to the loke

e]

sample tube as Azscribed on page Y] . The U-tube

Lol

iegted on the Aimgeam) ls similar,

menifolé (noitixn

A mechanical- pump 1S provided for avacunting the

sampling menifold and a +hermocouple gage indicetes

when the desired avacuation has heen reached.

The static calibration system is used to

admit samples of known composition into the 1.5.

&

tube so that the propeT constants can be deternined

bs

<

to conver® gignals into actual perccntazes. This
colibranion is usecd when a Line T.acorder 1s first

put into operation or after major repairs or changes

1=

n equipment have veen made,

The calibration equipment consists of 2

-y

two-liter cylinders which are filied with gas

mixtures of known concentration, and suitably wvalved

ot i e
o 3 PR e TR Ry £




1ivss leadint ®0 oy (ALl SEDO Pl T .
the gas samle figny ‘nto tne .- LT

The stanze ealinrabhicn a2 enliIT0
seriodically Dy m2ands of the 4rmamiai [IRptsr o Jnis
consists cf sdmitting =& snaﬁ1 meastred voiume of
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the PG streas being ansl lyzed. <he aim ds passad

e Y

through a rotameter ©O getermine %S flov rate,

pefore beins nixc with’ the air. ~nadings are

aken on the iercmax before aiy Lz alt;s
these Teadings arc compered with
from a sample of known £G-2iT comvositim o chzck

the calibr .gion of the instrument.

(‘J

=3

‘he static calibration w3y ziso o€
checized by adnitting 106 per cent air frox tre
manifold casing dqirectly into rpe 1L.S. tube Lhiouw
rne adjustadble calibration leak. AnotheT CcOMMCn
check is to use 2 254 C-516, 54 G-74 sample in &
calibration cylinder and admid this mixture into
the 1.5, tube as in She Static Calibration
procedure. For further snformation on these checks,

see pp. 01 toll7 e




2, Zubg Rack

The tube racik is an assembly of the various
elements of a mass-analyzing system. This asseubly
is best deseribed by following the fiovu through these
various clements including a briefl dusceription of
each., (See I'ig. 2)

The sample cf gas-to be analyzed is
introduced at the tube rack inlet and flovus through
the chemical trap (151) into the iass Spectrometer
Tube, The chemical trap 1is necessary for the removal
of C-616 from the sample stream before it reaches the
i1.S. tube; otherwise, it 1ould greatly shorten the
1ife of the tube.,

The ~hemical trap consists of a vessel of
mercury, whose vapor difusses up %o the cold spot
where it reacts with C-616. The cold spot is cooled
by a copper finger submerged into a- slush trap of
trichlorethylene and dry ice. A warming fin is
attached to prevent the mercury vapor from condensing
before it reaches the cold spot.

The gas samplc is passed into the [I,S. tube
(150) directly at the ion source. The‘source end is
housed in a glass envelope\and is that part of the

tube in which the gas particles are converted into

-
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positive ions.

The filament in the source omits an
electron beam which is caught ty the plate. The
electron beam is kept aligned br a magnetic fiﬁéﬁ
which is obtained by means of an Alnico magnet
surrounding the tube. The ions forned by collision
of the electrons with the gas are accelerated
through a series of plates which al:gn an? increase
the velocity of the ion bean. This 1lon beam enters '
the coprer analyzer tube ahdvpasses betveen magnet
poles. The different types of ions, while in the
magnetic field, will travel in arcs of difysrent radii
which depend upon the mass, -energy and charge on the
particle. _

The accelerating voltage on the plates is
varied to focus the individual ion "peaks"™ on tie
collector plate, where an ion current is procduced and
is indicative of the amount of that componeat in te
1.S. tube. The ion currents may be as smell as 10-1z
amperes and must be amplified to be measurable. The
pre-gmplifier 1Located on the tube rack partislily
accomplishes this ifmportant function.

The diffusion pump (159) is employed to
maintain the high degree of vacuum required for the
successful operation of the M.S. tube, namely 109 -to
10~7 millimeters of mercury. The Ion gage (160) 1s
an electronic method of measuring the low pressure
on the suction side of the diffusion pump by 2etermin-

ing the amount of ionization produced by electrons.
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LS8z nousig =ie varlous =iectrcnic mmits necessal]

-~

for T.iT proper sunctioning of the —ags~analyzing

t=

systzz. In a typical station, this bank comsiste o

anits of two panels sach,

The main power panel consiste of 12 switckes
ahich control the supply of electric power to the
Iine R[ecorder uniﬁs, tube racks, manifolds and
necessary auxiliary equipment. The panel is divided
co thzt 211 switches on side control the units of on2
buiiding and those on the other half the ad joining
building, Considering the switches for one building,
their functions are &s followé:

1 - The top switch is econnected to the main
power line and supplies power to the remaining switches.

2.n The next lower switches control the

power to the Line Recorder units. The laft switch for
the

%y

unit and the right for the & wnite.

3 « The next lower switches control the
pover to the tube racks with positions similar to those
for the L. R, wnits. o

4 ~ The lowest switech controls the power to

_the manifold and auxiliary sampling equipment.

T T N Y




‘ iem Teammiap wapal wemite FoUIeo -
. ITRIR G-I DO G Sl S PSS
P - - -~ - - ¥ - 2, -
falloiang :lcovonle CLTCURLE ivh heis orrus
ponding panelcs
L e ~ = -
w sCL3SE ;;S w '.u_:.x)..l...l_ T
A "
- Higa Toltage Supply
oirags =hbbos
T X -
» Main Sontrol Pancl
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A brizf description of the functicn of
cach wnit and of the component parts follows?

1, Voltage Stebilizer

The volbtage stabilizor terrds to relduce
fluctuations in the 11C.volt suppiy. This "stat
woltage is then supplied to the other electronic unitsi
thus the deslgn of these units 1s simplified since
less voltage regulation is necessary. No con®rcls are

provided for the voltage stabilizer soO a special

panel is not included,

2. High Voltage Supply

The function of the high woltage surply
is to furnish the maln contrel panel with 2500 —olts
D.C, It converts the llOuvolt‘A.CG output of the
voltage stabilizer into 2500 volts D.C.

The millismmeter provided on this panel
is used to check the operation of the regulator ‘n
the High Voltage Supply. The red pilot light indicates
that this unit/gzeratingo

=l4-



‘he fanetlion v WS 1w LIntlSoL
N -si Pmo B0 osupplT ol pro2T r02CLEl iy CLIONG
AT sShe csurce of ~k=s L3, tarl ~nd ¢ wbenTazo LV
Fe hich 1s garied ~ceorfing €° +he mass Tzing
J

analyzed.

The 2500 volts 1s provided ITOR the
high veltage supply and 1is appilad through 2
variable resistance (trimmer ! to tae wvoltage
dividers. One divider is u;ed for manual control

to supply the desired potential to the Jg rvlate.

With the “anusl Divider. the applied voltage can

be varied from zeroc to the maximum obtainable
voltageo.

The other divider consists of.a series
of potentiometers and fixed resistance. Each
potentiometer nas a center-tap which is moved by

mezns of a Berewdriver adjustment. BY this means

the potential‘of 35 can be sslected from one of
the center-tapped sotentiometers ané applied to
measure 2 certafn mass as with the manual dividero.
Each of these erevidriver ad justments, are for a
certain range of voltages which are hsed to direct
g1l ions of a certain range of masses towards the
collector plates Hence each ad justment has been
assigned.to a certain channel with a restricted

range and 1is 1abelled from A to He.

— ____ ¢

'
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sanval divider control is used; on 'Point Jaec2kl.

the mass cesignated by ths poirg 2ie0Ifl switch

is analyzed; on "Record", normal speration iz
provided vhere the channel selectad By the progran
of the Ificromax Recorder provide She accelarating
veltage at any cne time.

The Trimmer snables the operator o
adjust the machine for smail voltage drifts wnich
cause readings to be "off peak". By a combination
of the proper trimmer setting and screwdriver
adjﬁstments, the desired masses can be analyzed
according to a specific program.

4. Emission Regulstor

The function of thiz 2lectronic circuit
is to maintain a constant emission of electrons
from the :1.8. tube filamen£o This 1is done by
holding the voltage across the filament wiré con-
stant even though the resistance varies with
changing conditions.

The emission regulator also provides
a stapiligzed voltage supply for the J1y J2,

and J3 plates and the trap of the Zon source box.

These voltazes are maintained constan?i with a

A
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wolizge regulator znd are set 7ith he J. ¢

goarse, Jx _Fine gad Jq Fecus Sontiel switeass

it w3

‘than proparly

[42)

2T, T2 emissoon Jurrent as
indicataa on the microammeter should rzmains
constant, rFluctuatiocas in this current indizats
poor rezulation,

The Pouwer swiltch -urns on the surrent

30 that the tubes may warm up. The Filansig

H Fa)

switch controls the power te the iI.S. tube il

m

ment. The B gg;av and Enmissiop Coarse aid Fiag
¥nons are uced Yo vary the sleciron gnmission of

the .I,S., tube filament. The Tastrunent switc:

provides a means of reading large emicsion or
trap current values on the microanmeter.

The A.C. Ammeter indicates the current

being used to heat the filameat., This rzading

‘decreasgs over a long period of tims znd the am-

meter gives an indlcation of tha filament conditisn,

The Focus knobs are used to vary *he various

potertiils on tie Tfocusing plates sz¢ thai =the ion
beam 1s properl;y directed tcwards tioe collector
plate.

5. Do C. Amplifier

After the gas admitted to ths I.S. tudbe
Iras been ionizedhzhe ions are directed t> The
collzctor plate where they are neutralizzd by a

fiow of electrons. ————

wl7.
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amplify this small affeoct o a current hich s
measuradbl: on the Uutpat zener of ciraerly orL
the :ficromax Recorde—,

From “he small woltage drop oi ~he
resistor, currents below 10-12 amperss may be
amplified by the pre-amplifier unit (located on
the tube rack) and sent to'the D.C. Amplifier
where further amplification oceurs. The current
is thus-brought uap to about 1,2 milliampere and
is therefore measurable by <he Output meter or
the Recorder) Sensitivity controls are provided
so that the meter does not nead off~scale with.
widely varylng ion currents. Tikewise, sensitivity
controls for each cf the 8 channels are provided
to prevent off-~scale readings of the recorderT.

The sensitivity decreases as the Sensitivity
Factor Iincreases, since the actual amplifier output,
or signal, is the préduct of the readiﬁg and the
sensitivity factor. '

~ The switches 1abelled "Fil"", '"Reg",
and "Battery Check’ refer te the filament emissilon,
regulation, and battery voltage. These shonld be -

136

checked as~described on page for proper

operation of the D.C. Amplifier.

P i e
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The Coarse. Medium, z2nd Fine Balance

/

ad justments are provided to counterbalance the
drifts in the minimum output current. Thus the
amplifier zero can be set so that variations in
the signals without actual changess in concentra-
tion will not occur,

6. Mlicromax Recorder

The recorder is an automatic self-
balaﬁcing, 16~point recording potentiometer. It
serves as the "brain" of Ehe Line Recorder unit
and has two chief functions: ‘

1 - According to a pre~arranged
piogram, the recorder selects the high voltage
necessary to measure ions of a certain mass and
this voltage is supplied at the :I.S, tube source
through the Main Control panel.

2 - The recorder.receives the output
of the D.C. Amplifier and prints this signal on
a chart with the proper symbol,

Dﬁfing one cycle of 6.4 minutes, the
channels can be scanned ‘in any desired manner to
give a complete program of 16 points. A typical .
program is arranged so that the masé}%ignal prints
8time§, the Pirani reading twice, and the
amplifier zero and masses 20, 28, 32, 44 and 69
fonceemch per cycle, Between any tvo printings,
the time elapsed is 24 seconds.

( axr oY v o

-
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The roourder znplore e UUTLaTil ‘oLt
motor znd a Wheacrstone bridss cirvcuit Uo acstizt
a prirt —heel vhich traversss the zorip .no
horizontally in either diredtion, The strip
chart moves at the rate of 3 inches »zr hour or

one horizontal lire every ten minutes. The

ot
Q

chart is divided into 100 divisions, from«i0

4 90,
The switch for the nmotor is located

at the top of the recorder czbinet. Further
discussidn of the Recorder 1s ziven on psge ljﬁl.ﬂ
7. Ion Gage

The ion gage unit serves to indicate
the pressure in the M.S., tube to ascertéin.
whether the pressure is sufficiently low for safe
operatlon. The electronic circuit élso provides
a safety cut-out arrangement whereby the current
supplies to both the Il,.8. tube and ion gege Tila-
ments are tripped when the pressure in the tubes
exceeds 5 x 10°5 mm Hg. Thus the danger of burning
out the filaments during » iecss in vacuum is
greatly reduced.

The ‘ion gage is a means for measuring
very low pressures., The current necessary to
neutralize ions formed in the ion gage tube is a
measure of the pressure in that tube., This current
is amplified and the output is measured with a
meter scaled to read difectly in mm of mercﬁry, A

bt iy



it

senaitivity switch permits measuring Hressures
from L % %0“4 to below ix 10;7 mm mercury.

The various controls on the _on fags
panel are for checking the operation of this
unit aad for malking the ad Justmenis necessary
to ‘maintain proper operating conditicns. 4

more complete description of these controls is

given under Ion Gage Operation on page 137 .

A
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inleakane of contaminants intc the Cascaée cqulipnanc
an® with giving advice regarding the steps aecessary
to correct the situation.

To accompiish this important cask effect-
ively, it 1s essential that the personnel in the
C.C.R. be kept thoroughly informed of Proczss and
Line Recorder operations. This information is
relayed to a system of "slave recorders" in the
Central Control Poom to provide a continuous record
of the analysis of the plant stream at one point in
each building. These recorders are connected to the
"principal recorders" of each station which can be
set tc analyze the proper cell in accordance with
the needs of C.C.R.

Information can also be relayed to C.C.R.
via the P.A.X. phone system (Ios. 23, 24, OT 25) or
via the Bell System phone (No. 8-9457). Thus, )
communication with all Station operators and super-
visors, building foremen, Cascade Coordinators, 600
section, etc. can be maintained.

Records of process changes (cell hlstory,
feed rate and conditions, purge rate, 500 section
oﬁeration, ete.) must be kept up-toéd-date. In
addition, routine snformation regarding changes in

building and Station operation (such as variations

v

~22_
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from normal csll cpcrezion, thnng:s O ZERSLSLVAT

>

settings. or in the operacion »f soth :ne ‘rrinciznal”

and :ue Uspare reccrders’ should te nmade avallable

to C.C.T.. to enable th~ proper interpretaticn or

the 'licromax chartse.

overall picture of Cascade operation, it is zssential
to vork viith C.C.F. when Cascade emergencies arise.
Although operations such as scanning and checking
inleakage rates are done in the Station, it is
frequzntly possible for the C.C.R., >0 assist materially
by’aéfising the Station cperator regarding the best
and gqulckest procedure. C.C.R. will also relay
information to the Stations when process changes
which will affect Recorder'réadings aré gxpected.
This 1s especially true since it 1s not possible at
preseant to set up any hard-and-fast rules to cover
every possible emergency.

To keep all "principal recorders" operating
properly to be réady for any emergency, it 1s
necessary for the C.C.R. personnel to watch the
operation of this machine and to advise when changes .
should be made. Thus, the Station operator and the

C.C.R. should work in close cooperation for the

. mutual benefit of both.
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A, Manifold Cperations

1, Changing Sample Point

It is frequently necessary o change from
the analysis of one cell to that of another. The
proper procedure is?

- Close inlet valve of cell veing analyzed,

« (Close outlet valve of same celli,

Open outlet valve of cell to be analyzed,*

1
2
3
4 - Open inlet valve of mew cell,
5

-~ If necessary, vary the adjustable leak to 7
~19

obtain the proper flcw to the 1I,S. tukts. (See pp.lsX)

1

6 - Allow a few minutes to elapse before
assuming that the !licromax readings are truly represente
ative of the composition ;n the cell,

When closing these manifold valvés9 always
torque them to approximately 30 fvot-pouﬁds using the
torque wrench. Consult shift supervisor regarding the
reading of the dial on the torque wrench.

- When openiné valves, open it wide and then
close it 1/4 turn in order to facilitate checking the

setting of a wvalve.

i
* If the new cell is an intersectional cell,
open the outlet valve of the nearest onstream cell in

that building which is not being analyzed.

~101- P ke
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The [ejaz sndicators ase used bto .adlichv:

the valve setting. WVhen the pointers are In tas

"12 o?clock position‘.'9 the valve is closeds any other
setting indicates an open.valve, Howevergy these
Tejax indicators are unreliable since "sticking”
often causes the readings to be off, Therefore, it
is advisable %o check valve settings manually rather

than rely on the indicators.

2.. Adjusting Sample Flow Uate

The operation commonly referred to as
"adjusting the Pirani" is that of regulating the
ad justable leak so that the proper flow into the LS.
tube may be maintained. Thils i1s important for several
reasons:

1 -« The instrument is calibrated using a certain
flow rate; any other rate of f£low will send tco much
or too little of the measured components into the LS,
tube and incorrecf readings will result, |

2 -~ A high rate of flow may endanger the LS.
tube since the rate ot which the C-616 is removed in
the chemical trap ﬁay be exceeded.

3 - A hilgh flow rate may result in loss of
vacuum with the dangzr of tripping off the filaments.’
It is also desirable to remove a very small amount of

PG from the manifold for analysis because of the valie

~102-
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irani zare -
= device For measurinc low pressures. 1t is asec
here to indicate the sample flow rate since the
flow is proportional to the pressure uander the
cpnditioné uerd . It is important te keep the
bridse current at the proper valve cince snall
chianges in tlis voriable cause large deviations in

{

The adjustable leak 1is normally set %o
give a Pilrani :;ading‘ of 50 plus or minus one,
However, 1f the gas.concentration differs appreciably
from the normal low percentage of contaminants, a
correction must be applied to the above value to
give the proper flow rate. This is further dis-
cussed on page C0

The following are possible explanations
for difficulty in maintaining the desired Pirani
reading:

1l - To two adjustable leaks are the same.
they differ in sensitivity and in amount of “"free
play". The less sensitive leaks must be turned
more to produce a éertain change in Pireri reading

than the sensitive ones. Those with "free - ay" can

be turned slightly with no actual change in flow

- rate, These should be adjusted so that all slack

is taken up and the licromax readings will then

0 n '
show less "scatter?, N o NN

w103 -
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2 . It is often easier to adjust the lzal
by apornaching the proper setting from cne direction
only, Closing the valve slouly has been found to
s3s72 hetier control,

3 - Check the briage curieut frequently since
any change from the value set during calibration
will cause the Pirani to read incorrectly.

4 - The Pirani should never read higher than
#60" or the chemical *rap is in danger of being over-
1oadedf A high Pirani reading may be due to any
of the following:

Surges, or temporary pressure fluctuations
in process, often oceur. These mgy often be as-
_certained with the cell panel board,

Changing cells may change the Pirani
reading since the 6A discharge pressure varies from
cell to cell in a building. Cell 2, normally the
top active cell, usually has the highest discharge
pressure because of the added resistance to flow
providéd by tke building by-pass lines. Cells on
Inverse Recyecle often are at higher pressures than
onstream cells because of the continuous addition
of G-74.

' Concentration changes affect the Pirani
since the average molecular weight is a factor which
has an effeet on the flow rate., High G-74 concentra-
tions will seund the flow rate.up and the Pirani
reading may go offscale. This sends a "slug" of gas




LoLy Tt 5 L -iirh the danger of railsina Tao
-vegsvie L e poins ~here the filament trips «fi.
g ic ... veisce drmporsant bo kmow the aprroximahe

concantr~sion ~f *h~ cell to be analyzed and G

72 the nzesssary precautions. This is parti-nlarly

4

true in the top buildinz of the Cascnde or in crang-
ing *to a cell on Inverss Tacyele oOT Direct ecyele,
Leakapze from the seals or in fhe cell will

afi~ect the Plrani reading 1f‘the pressure Or coencaniras
vion iiffer from norrmal. The same is true for manifi-~'1
lnisagase,

5 = Raver close or open the adjustable lcas
nOTE than tfairly tight' -sith the hands. Damage b
thig part nay otherwier result,

6 - Experience has shovm that the Piranl road-
tne of one machine will rise 4f thc other machinz 1is
placed on the same cell, This may be due to ar lnersass-

-

pressure in the manifold locp above the adiustabie

A

ik because of a rise in the A guctlon pressirz. -

inall acjustoent in the leak setilng shonld therofora

If there is undue difficulty in obtaining

the correct Pirani reading, contact your supzrviscr,

The Pirapi Setting Curveg are used tc

determine the proper Pirani.réading Tor which the adJust-
able leak should be set for different compositions of

gas beling analyzed,

wa s §
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The correct FPirani setting 1s determineé 13ing o

signals from mass 69 (C-816), mass 14 (3-74, :nd
mass 32 (oxygen). The proper setting is sbtainsc in
the following manner:$

1 - Adjust the leak to glve a Pirani reading
fairiy close to 50 (between 45 and 55) and obtain the
69, 14, and 32 signals.

9 - Using the 69 signal obtained, read the
proper Pirani setting from the top graph {see pgmmet L
on followiing pagel.

3 . Using the 14 signal, deternine (frem grapn
2) the correction for G-74 gnd apply th<s to the
setting obtained in step 2.

4 - Using the .32 signal, weteri.ine (fron zragh
3) the correction for oxygen ar4 apply this to vhe
setting obtained in gtep 3.

5 . Set the adjustr¥ie leak to give a Firani
reading as determined rrom step 4. Obtain a new set
of 69, 14, and 32 signals.

6 «~ If the Firanl setting was changed appreclably
from gtep 1, 11 may be necessary to repeat gtevs 2
through 5 to determine the propef pirani reading.

For 1llustration, two examples will be given,

The firet example assumes lov concentrations of C-816;
G=74, and oxygen vhile the second assumes high concentra-

tions. The graphs on page 107 are typical of those

gctuaily provided in the S%ation for use by the operator,

«106-
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Pirzni Setting Curves
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and 22 is Z. From Craph 1 (Point A), it 2en iat
the Pirani setting 1s approximately 50, The CG-74
oorfection is found from Graph Z (Point B) to be approxi-
mately + %, so the Pirani setting should be $0%. The
oxygen c9rrection is zerc (Point C), so the corrected
Pirani reading remains 504, Upon adjusting the leak to
give a Pirani reading of 50%, it is found that the 69
signal rises to 23 and the G~74 and oxygen signals =:.
unchanged, Thereforé, the proper Pirani setting is '
still 50%.
Example 2

-'ihe Pirani reading 1s 50}, mass 69 reads #:
with a sensitivity factor of X 100 (or 69 signal 1is
6300), and the G-74 and oxygen signals are 1500 and 2507
respectively, '

From Graph 1 {(Point D), the Pirani setting

is 58 for a 69 signal of 6300, The G-7% correction

(Point E) 1s ~2}% and the oxygen corrzction {Point F! is
~% 80 the proper Pirani setting is 58-2%-% or 55. The
leak 1s then opened to give a Pirsszi reading of 55,

. The nev signals are: %%, 72503 14, 16005 and

32, 2700, Using the graphs, 1t 1s seen that 59,2 1s the

Pirani setting for the 59 signzl (Point G), and a
correction of ~-23 (Poiat 7I; results from the G-74 signal
with a correction of=+ (Point J) for the oxygen signal,
The corrected Pirani setting is then 56.2.




Tpon readiusting the lealr to give thiz Pirand
reading, and checking the nev signzls on tae
chart, it is found that this 1s the proper

setting.
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L N N % R 0 I R A -
Jxtranclatisn o lgecrder Heed:ags Lher The iroo: o ow

Certwin bullaings and secvions of

TNE fuit: i T3
Operailog at recdused nressare of appx. o.3 p3ia cnil oo

sguse the adjusteble leaxs have noti bzen das_ v

e r

work at thesze iow pressurss, the {low of 3as will oot

rise to a FPirani reading of "0,

in such cases as this. be car=ful 70t to cpen i
ileak so fer that the rin will b2 sheared, Wt

: until the maximun iPireny reading iz obtained. ™
the correct percentage readings are to bs obta:rn

she equation helow:

\

Sm-{in %; T 50 (Signal x Sensitivity ¥ Calibrsticn
Constant)

Pirani Reading

NOTL; The reapdings. cbtaiped fros this
equation are accurate %0 within

5%, providing the G-74 concern-

} vration in the ¥G System is 5%

or less,
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3e SPECIAL OPETATIONS _
A. ghatic Collbpatien - . .

(For Operator's ihfcrmtion only - This
Procedure is employsd by the I&in’cenance Dept,) :

To calibrate a Line hbdorder, thvee bamplés
bf gases are needed in the ordér* 11ated belows

1. % e7s, 95% c.szs

2, 1007 At - .

3. 9% G.7a, BE G816, 938 C.616
N o i

1 = With the ILine Recorder working properly
(L.R. #3) open valves 92, 91, 8L, 82, B4, 96, =nd 97,
Pump the lines dewn to approx!mtely %10 mierons
and then elbse valve 91,

2 . Record residuals that are printed on the
Micromax gtrip chart.

3 - Admit sample #1 (5% G-74, 95% C-616) by
opéiiing either valves ‘7’7 & 79 or 78 & 80 depenéing
upon which valves ard attached to ths #1 Samp}.e
Bottle, 'rhis shali be done by first- opening valve
80 (assuming that the lower bottle contains the
number oné sample) anﬁ then cracking val‘tre 78 and
immediately elosing it again.

4 - Regulate the Adjustable eak until the
Pivani will read "go". If this value can not be
obtained, seain cragk valve 78 until the flow will
register "50% en the Pirani Gage.

<109




5 -~ Adjust emlssion of the i, S, Filament
until:
814 = 50 ( % of G-74 in Sample #1)
Where & 814 1s total Si4 minus the residual Si4.

6 -~ Record emission and trap current.

7 = Record all peaks.

8 -~ Pump out Sample #1 by opening valve 91 and
allowing the Pumping equipment to bring. the pressure
down to 5-10 microns, then close 91.

9-; Record residuals of all peaks. '

10 = Admit sample' #2 by closing valve 96 and
opening valves 91 & 100. 100 is cracked and then
immediately closed and the Adjustable Lealk is regulat-

ed so that: .
& 814 = 3900

Note: Emission is held constaﬁt at the
value determined in Procedure #5.
11 - Record Pirani Reading and all Peaks.,
12 - Pump out Sample #2 by opening 96 and then
follow Procedure #8.
13 - Record all residuals.
14 - Admit sample #3 by opening valves 77 & 79.
falve 77 is cracked and then imgediateiy closed.
| Regulate the Adjustable Leaks so that:
8 814 = 50'( % of G-74 in Sample #3)
15 -« Record Pirani reading and all peaks.

T T




“ha FYM gxis) nlace a point ab Sia (che "X axisy
shtzinsd in procedure $5 At a signal 5T AGGG prac?

a n5oint a4t s Plrani Corpectlion saqual O N 79 o (Pivanl
~oading of 411 = 53)  ow Irav a STTILEY Taoe LTIt

these tvo points«

17 . Plot & Pirani correcticn cuxrve fer

o A ER O
anG ~ero sigral piae. 3 v n vy Sy LINTTE A seld ——
~1 = - - -~ - - - JURN. SINEE - - ~ <
cdtaC: = ,odny Ay e itz ANPTST L el 28 8 RPN R

(Pirani reading of #11 ~ 507, and dravw a straight line

from this point to the one obtaincd above.

18 - A Pirani setting cwrve 1s nezded fer

)_1-

c.816. This is cbtained by »lacing a point at a Pirani
setting of 50 and 2 signal of zero. From the reading
obtained in #15 (Sample #3) obtain the G~74 signal., From
this and the curve plotted in #16 the Pirani correction
due to G-74 is obtained. This result is then substracted
fron the Pirani reading obtained in #15 and the remainder
plotted against the 8¢9 that was obtained in #15 procedure
and the.two points are connected with a straight line.
i9 - The Calibration Constant for the different
Signals is obtaincd as folloﬁs:
Constant for S14 = 0,02
" . n 8o8 = (£ of G=74 in Sample #1)
Sog from 77 procedure
" "oS83p = (4 _of Ajr in Sagmple #2) x 0.21

S32 from #11 procedure
m " Sgg = L7 C=816 in Sample £3)

S¢zq from #15 procedure
69 I

&
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o8

‘ % 3=74 = 0.02 x 814 iz calgg‘%iffi Piiéﬁ;lréggiégg
% Constant Sgf = So8 X (v # “
% 0o = Constant 832 x 832 z (&% # n "y
% C~816= Constant Sgg X {369 z (n " )

B, Dynamic Check:

This systém of calibrasion is to be used
freguently for a quick calibration check on the Line
Recorder. The method used 1s to adﬁit a sample of dry air
into the manifold, and from the readings of a flowmeter and
a rotameter, the percentage of air admitted into the stream
in relation to the PG Stream flow may be calculated, This
increase in air percentége causes an increase in the G=74
concentration, which 1s measured by the Line Recorder. The
inereased reading on the IMcromax should then equal to the
caleulated increase of G~74 that was added to the PG Stream,

With valve 147 torque~-closed and either 57 or 61
open, allow the PG stream coming from the "Incoming Header"
to £low down to the Tube Rack and on past to the "Outgoing
Header", by passing through the Venturi Meter and Gas
iHxer, WNow with no flow of dry air going through the rota-
meters and thus no flow through valve 57 or 61, take the
following réadings:

UMth Q = O see/min

M (DBM) A Sog
¢ (PBM) - B 520
Tv(Venturi c 514
* Temp. )
=112=

Ve ST T B — e — e . o
ST Ve A% an st et LY A SR -



T {(RotameteT

r Temp. ) E 83p
Pirani FS A4
Q (Flow)

After these Teadings have been made, open valve 101
or 102 until an approximate f£1ow of 100 cc/min 1s recording
on the rotameter. Repeat the readings as shown above and

calculate the change in S14y DY using the following

equation: .
Fac‘cor ngn - Sl A S 16)
| 14 63
Q \/rr m (G = 063m)
Tv p (L=.00919% x .0091%0;
Where?

Q = Rotameter Reading 1in Scc/min

Tr Rotameter Temperature in degrees Rankin **

Tv Ven@pri Temperature in degrees Rankin

M DBM Reading

G PBM Reading

P Pressure in Manifold Box _(psia)

#8, # Nitrogen in Strean

%02 % Oxygen in Stream

If the factor "F" obtained from the formula above
varies more than 2% from the original value, the machine
should be recalibrated.

The use of the callbration check is-only tentative
and no proof of 1lts accuracy hés been made, As soon as

experience shows this .check to be satisfactory, more

information will be issued,
*% Degrees Fahrepheit <= 460, .

-



Thaeirg of She L R

L

i

Tha =aaidne]

of »umping
adjustable
until T.C,

The

1°

W

30°

To Pumping

.

a)

"Hne oapmazy

A0 L S

ohack of 5 0

I0NSIZTS
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leak for either the "AY or "3" machines
2 of the manifold tump reads 10 microns or less,

Progcedure is:

For Upper Loop - Torqus walves 59, 67 & 58
to 30 foot pounds,

For Lower Loop - Torque valves 64, 65 & 66
to 30 fcot pounds.
Close the calibretion and Process adjustable
leaks.

Pump behind the calibratlon leak and behind

the process leak as shown delcw {(Lines indicated
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£ 3L 14 - - 3 - B - -~
take the readings as lisglec ©n Tie SLECSwLi.. L Ao~
ind roceri.
i ad kY ot . e D Y - - “ -
6 » If the Sirand rroe UCOS MOL Tes  LTor. Nl SULL

sour shift supervisor, bus A0 not mate adicslment - cn

D, 1007 Air Checks on the L. R,

The 100% air check for determining ibe

accuracy of calibration for the L..®, is ccrducted
rd

immediately after making the residual check. This

procedure is:

1 -~ Open valves 92, 91,'aﬁgjé§iéffﬁd/ln the order

~
4 )

given.

-

- SRy WI
3 - . Open valve 1CO te acnit a szample oF air into )

the lines.

4 . Close 92 and 91.

5 - Open valve 83 or 84 and adjust the Static
Calibraticn leak until the Plrani Gége is recording

the correct value. (Fefer to the Calibration fhart).

7

2

6 . Allow enough time for the readings Lo be-

come constant and tabulate then at the bottom of the

esidual Table

~

oy

d

- The last line of this tabls is tn he #3ilied

in by the shift supervisez. .- R R
2, n
w115 ‘ EREREL

5 . Close valves 62 or 63, 99 98, eax Cé d~4ﬂ,<f3av’?¢




s XX tEwlepg =T ¥ TX T igT o puestd” Vommm.mnaa.;_,?

osoamn ‘pIodea czm &omso n«wtmcoﬁ Ch mxma

\‘/ *TuBIfd 9yl 3sufpe .pnaooow ou:ﬁ U0T3001100, mnspmnmmawp osa mcﬁ%wa
: v ehumg HHIAI TV JOd - TOTHU0D. TON oa”
. “238TNqRY ‘sfurpeos seIyy I0J juBlsSUCD ST Need 8¢ ssBm oyy uayy
opnwso UOTZBIQTTEBY Y3l U0 USATI-onTeA 8Y) 03 JUBIT U0 quazand e8priq g3snfpy
*yeeT sso00ad aUg pue HWOT UOTIBIQITEO eyl c:ﬁSon Qesm

°sqr °33 0f 03 99 pus ,mo ‘¥9 seaTea enbaoy ' dOOT U
:.BH *33 0€ 03 g5 pue ‘,9 ‘66 searea enbioyl IOOT Wid

dil

% TVOAISHL % TVAAISHE] ¥ VAT ST % TVAAISTd % TVQUISHY % TVAUrSTd

INVISNOD  INVISNOD  LNVISNOD az«amZOU IMVISNOD ~INVISNOD

S . n\.“.\n deape 1 T 4.* - A

5

°gNES . "gNEs ° SNES  CGNES... . CSNES . °SNE§ -~ v Chmi h

i
A
g,

DNIQVEY DHIAVIY ONIQVay . ONIQVEE ©  DNIQVEY -ONIavEd o-0T  °LSArgy
X

TUOEHE

i i i S T SRR 'D'1 | INVMId

-

3LV NMIVEI SONTQYHTY . :
T3 IV ODNIQNAd QEIMVIS O T THIVE TTTTERAUOOHY. ENTT

v —.

FTVnaIoag THaIosTT Wi

1 : .

Ou¥7
. "IV

! ONT.(TITRE

PSS




\ - - P
ISIINZ 20pTOWIMeT3l Y POTMEl CORTARARELT Dery . Lol ol
“ . by = s - - - o .
vO MBI v e lSe L, e TE gmg oadn LSOEDT U7
Fite ~ v - . PP >~ el o W
SRLSs nGell L ogqulte Tamilar toc the 1.0 -
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L - Por urrer ison - Torcuz 7Blves £2, 47 ang 3
0 S0 foot pounds. For Lower i1o0p - Torque raives
55 ani 66 to 30 Toot oouudz,
2 - Cleoss ihe calibrotiorn «ng FIOCwss s fisvz, oo
~< 1S
3 . Pump dehinc¢ the calibraticn apd Fredase legas

by: a. Opening 96. 9B, 39, 3% or 42 U2 g =134

b. eave iness vl

readings of the machine are normal (ses taki-w ot
Residuals Page /4 1.

Is [ G Q,J ]

4 ~ Closs valves 9SO, bYUT'@B)‘Wq) By e q,

5 o

~

A

le2

€ #as sample is in the Iower nottle.

¢rosX 78 for e very shors reriod of time. If she taryle

is in the upper so0ttle crack 77.
§ ~ Close 78 & 77.
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. 8 - diuenl 8383 £3 i3 COLETRAT TSI TNXG2 Ifawlng.
Tagke the reedings of the .y O, 2nd P chsnnels., & he
Teadings correspond in piTceniuge o “ha lmown samoio
compos 15ion,** the wecaine iz "oL calibrot oot SToue

Oxygen or L chennci reading is mors then 3% asbeve vh
residual reaiing, the envirs 55% = 3% chsck shcou’é ba

re=1un. =

9 = 9hen the cneck nas hsen cuinpiztea. ties<
. 7 q
vaives 80, 82, or 2%, 8l <$2— v, e ad %o

ot a Hems s

calibration leaks. Open 92 and 9L and mumn out unti_

the pirani is zerc, <fhem—siese—R3or BT ST oOT ¥2
10 - Open valves 59. 67 or
11 - Put the machine on stresm by opening ke
adjustable leak until the correct lranil »esdins (s
obtained.
12 - adjust sensitivity conirols to proper Tsadings.
If this check Proves thes the machine is ocut

of calibration, notify your supervisor.

5]
u
)
[’e]

LOTa8: uIToneous readings for masse 20, 32, 44
Prove that the ges sample has been conteminated.

The 95% = 5% sheck is then inaccurats.

’

** Thes=s reedings ars t¢ be ®itiin 2% o the xaown
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srousd be used at the beginning of sach shifyd,
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throughout the shift.
It will be seen that pumping on valve 23 :» ¢
ant ihe calibrevion lesik continususly is not wractiod

ey

ToUr ceveral reasons. llowever, this practice shoul?d be
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) . . .
A SamniinT Practourd

1. Souipment
Durin~ normal operation, the ZFcks tube
sampiing manifoll is countinaously bein
petoeon valves 0C-1 anc 860 (Sec Fig 3)
The samnlc tube is joined to the -ianifold
by a s?ecial pnicn szt 120-3 and is gvoeuntod by
cpeninz valves 8¢ and a5, It is advisable to have

the somple tube cpened and to evacuat~ it touether

fede

vrith the entire systonm. -

A nickel U-tube is soldered =0 the Sampling

“anifcldé betern valyes 90-1 and Ra, Vzive 38 4s
_econnccta to a thermocouple £aZe ‘hich 1o &

mecsure of pressurc in the manifoldj vealve 87 is
connccted to the evacuation aeadqr and puap. Valves
86 and 90 are straipght-through valves roraitting mas
flow when in the open position.

Valve -89, connected to a G-74 line for use
during purging, is xert closedé durins the entire
sampling procedure. Since it is a tee valve, flow
4s straight through when 1n the closed position.

The sampling manifold ié eleoatrically traced
and is heated to a constant temperature of 106° C.
The U-tube 1is eauipped with Calrod heaters and a
Thernal Clement vith which the enclosed solid sample

can be heated to 1060 C, and 1s vaporized at the time

of transfer.

~119- [




XY

sither tube racl, the Station sperastor should make

neceéssary change Aas doseribed on Page_10i. it is

to the "spare recorder’ iT poscible.

5 . The Hoke trbe should b2 in pieoas itrs the
union tight ond avacuation ol th» sampling manifold
up to valve 9C-1 should be ma:in sined intil the
Thermocouple rage indicates 3¢ microns or lover,
Oceasionally this Asgree ol vacuud is not rowidily

nabtained even zfiter the= valves are tighlaIned, in

s

this case, it is permisszble to start samniinan if

the pressurc is below 7% microns.

- -

4 - Prace a 2Ot LTy COnlaenma. - Saloe
mixturc of dry ice and trichiorethylsne under the
nickel "U Tube" of the Hoke tube samplinz manifola.
Allcw § minutes heforez starting to drav sanrle.

4 - Open valve 68 1f sampling fron thes upper

loop or valve 69 for the lower loop. Closz valve

88 and 86 but keap valve 87 op=n.

7

5 - Open GC-1 for a perilod of 17 seconds te
obtain the desired weight 5f sample. This time is
subject to sligcht changs depending upch the vaight
of sample desired. Experience ~111 aic in defer-

mining the proper sampling time,

6 .. Close 90-1 and then close and toraue valve

ST

=120~
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68 (or 69), Open 9Q-1 for a few s2ccnds 1o pump
out the line up to 68 {(to prepare for thec naxt
sample) and then close 90-1 again.,

7 = Continue evacuating through valve 87
(with the slush trap still cooling the ngn Tube )
for 2 or 3 more minutes.

8 - Close valve 87 (88 should still be closed }
and place the slush trap under the Iloke sample iuhe
covering only a onésinch section.

9 = Turn "U" Tube S~itch on panel to "on'
position so that the Calrod heaters may o2zt tY.-
"g" Tube to drive the C-616 sample inte the rok.
tube, While this is heating (it may take 5 --C
minutes) fill out the samrle cards as descrit~i i

page a

10 - When the "UQ Tube 7oce off, the "7 Tub»
has reached the proper temperature and the e riteh
ean be turned off. Shut valves 85 and 86 tish iy
and open valve 87 to start pumping dotm. After.
two minutes, valve 88 to the Thermocouple I85> ™MaY
be opened.

11 . Disconnect the union 120-3 and =zttach
the samplé carde to the Hoke tube, Place a new
tube in position for the next sample and again pump
this system dovmn. |

12 - The information required in the Sampling

Log Book should'be entered.

=121
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FIo03'G UL OF ASSAY SAUPLE CATD

or "U" tubes must have identificztion tags fastered

The samples withdrawn in either i‘okxe tubes

1

to them before the samples are sent to the ladoratory

for analysis. These tags or cards must contain the

following information:

R

2 -

The building number that the sample was
withdrawn from.

Cell number that the sample was withdrawn
from.,

Date and time that the sample was withdrawn,

Humber of sample.
Destination of sample - Laboratory "B

or "C", (This is acccmplished by circling
the correct letter.) .
Distinction of Hoke Tube or "U" Tube.,

One card for a receipt té show that the
sample has been picked ﬁp by the messenger.

Once the sample has been turned over to the

messenger, he will sign the "blue" copy and leave it

in the station. These cards are to be {iled for

future reference. Also the operator that haé drawn

the sample must sign his or her name to the back of .

the third copy (blue card).

The correct method to f1l1 3 set of sample

cards out 1s illustrated on the following page.
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2. Tube %ack Operatisus

1. SLUETALR

| The operation of ths tube rack is continuous
and automatic as long as proper operating ceaditions
arc maintained. The operater shonld see that the cold
traps are kept filled (see discussion on page_izﬁi*),
the proper pressures are maintained with the diffusion
pump aﬁd the foré pump; and that the proper sample
flow rate into the !.S. tube from the ilanifold is
maintained.

Because of the special construction of the
tube rack, care should be exercised to avoid the
following:

1l -~ Jarring the T. R. equipment becausc the proper
alignment of .magnets, etc. must be maintained.

5 .. Touching electr’cal connections carele ssly,
since some are maintained at relatively high voltages.

73 - Placing objects on the T. E. supports or in
other positions where they might damage the fragile
equlpment if they were-to fall.

4 -~ Spilling slush on mercury bulb of chenlcal
trap which prevents the mercury from vaporizing
properiy“ -

5 ~ Bumping glassware sO as to cause de-gassing

CONEIBEN T

and loss of wvacuum.




25 ThermoCcoupie Gares and Qperation

A ghermocouple Za3e is a device usad ©o
Maasure 1OV pressures in the range of 200 down'to
o fev mierons. Cur 'ont from 3 battery 1is used to
hoat a wire in the T, ». 3ase tupe and 2 censitive
thernocouple 1s provided to 1ndicate|changes in
the temperature of the wire. The current from the
thernocouple rises sith increasing temperatnre and
ig read on & wicrecamneter ~hich is calibrated to
»cgd nicrons directly. If the pressure in the T.C.
rage tube vises, more heat 1is conductad avay from
thc heated uire and che reduced thermocougle current
results in a higher preesure reading on the micrcanm-
neter. .

It is important that <he current Lhirongh
she heatéd wire be Xepv constant at the value 5ot
during the calibration of that Thermocouple gage-
Therefore, a variable pesistance and a milliammeter
have bern provided to xeep the desired current as the
patt~ry runs dovm. wWhen the dial indicates that the
battery should be repiaced, maintenance skould be
notificd.

Thermocouple JAECS are provided on the tu
rack (1) at the discharse of the diffusion pump and

{2) at the suction of the fere pump. T0 gageé;

have been provided soO that thesc pressures can be

measured if the diffusﬁon pump is isolated from the
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shivr nstc o pump 'ovn thT 4os lcad »for- nning

it teo -~ T 5. tube. {Seze pare

-

ne t o thermocsuple fasgns are CONNCiLeu,

+oh . te tio same nilliiammcter circuit

[

T - 3 -
- ‘.r-"’J l:;‘ b S ’

am’  __emoarmeter. Bacause of slirht Jifferences in
h2ating current mist
e Tiftovent for eac.s Lermoctuple age Tz réﬂd
L.Cooanne “1, turn swvitch to position nit, acdjust
rce_cterce until the milliammetcer reads the curre:t
fer ;71 as labelled, then read the pressur: from

nieroartieter. Similar procedure is. followed for

®.0. -ape #2. When not in use, turn svitch to M"off®

The Therziocouple gages on tae aJanitfold are

identical in construction and operation. (Sen page

304,

3. Diffusion Pump Operation

The d@iffusion pump provides a meane of
attaining the high vacuum (10-7 - 10-5 mm mercury)
essential to the proper opcration of the M. S. tube.
lolecules from the space being evacuated diffuse into

a stream of high-specd mercury molecules <Thich push

-the former molecules to the diffusion pump discharge

from which they are drasm into the fore pump. The ,
mercury is condensed and re-used by ﬁaporizing it by

means of an electric heater.

. =126-
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consists uerely of nmaintsining thrao condition

1 - A

Vapo

X
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is forced threcush o smell oDering

1

nish-speed jet is produced.

<

i~y

oper operation of the dif usion AL

-~

14

loy diffusion punp discharge pressurc

mist be maintained by the fore pump. I the rmechanical

punp fails,

the diffusion pump ceases to fumction

after a period of time.

2 - The heater must be on to vaporize the

mercury. A

1izht on the tube racl panel indicates
g P

that current is supplisd to this heater.

3 - Cooling weter must be circulated through

tl e water jacket to condense the pmercury vapor. The

pipe leading to the drain should be checlzed often

for proper flow rate. Fallure of the water supply is

discussed on page_J2902 .

’ 4. Fore Pump Operation

The fore pump {also calied a nechanical

punp, rough

pump or Welch pump) is used to keep the

diffusion pump discharge at a low pressure or for ’

miscellaneous low-vacuum c¢vacuation.

The usual construction of these pumps

consists of
so arranged
cylinder of
forced into

atmosphere.

an off-center rotor with movable fins
that as a slur of zas 1s sucked 1nto the
the pump, the previous slus of zas is

the oil-immersed outlet port and to the
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0.0 S admities, 1t miil pump - OVh s-1icfacnor ity

ts a pressure of 10 microns { Ol pn mercury' or
12:¢ . Continuous operstion un‘er the above condi=iens

mav be cxpected, and in rnct tha lonser the panp
o s p=} & z

5. Fillin?'Cold Traps

Cold traps are nacessary 0 condense corbtain
vapors whose sntry intc a systew 2izshit prove harnful
to that system. The coolant material ig zither
liquid nitrogen (L-28 or a slush nixture of povidered
dry ice (COg} and trichlorcthylene. The L-23 vapor-

izes at -167°C whbile the temperatwre of ~h: 5-%4 slush
iz aprproximately -78°C.

. Zqch tube rack has an L-28 cold fran detwsen
the .. S. tube and thc diffusion puip. This
the duzl purnése.of preventiny baclk~3iffzsicn
vapors from the diffusionipump intc she LS.
any condensable vapors (such as C-nld, C-C1G

of the . £. tube from entsriny th- Jiffucion

(formally, a negligible amount of l.zic vapor
condensed in this trap sincs the 2k micnl-trap

the C-%16 and the cooling water condenses

I_.J

The L-22 cold trap should be fil

shift or more often if found necessaXy.

ALY
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ilthou-h the cold-trap crew usually atterds to

this dut it i3 the responsibility of the c¢oerator
Y regponsiDl L lby Ol

to maintain normal operating conditicns by checking
all cold traps frequently. |
'The criterion for retilling L-28 cold
traps, is that at least 2 inches of 1-28 be main-
tained in the trap. It is no% mecessary to £1131

these traps every two to three hours «oace a shift
should be sufficient, howé@er, the traps are

provided with a low=level alarm that sounds in case

the L-28 level becomes so low that the trap temperature
excecds a certain set point,

The I~28 cold trap is filled using a metal
can with a spout for transferring the coolant to the
Dewar flask, Safety coggles and gloﬁes shall be used
while transferring the L-28 from the carboy to the
cold trap.

The chemical trap requires a cold trap filled
with S-~44 slush for proper operation. These slush
mixtures are prepared by f£illing the Dewar flask with
potidered dry 1ce and édding just enough trichlorethylene
to make a thick slush. Stirring should be done with a
wooden réd, and great care should be exercised during
stirring and usage to keep from breaking the fragile
flask. (In re-filling the flask, it has been found
that enough trichlorcthylene is usually present so
that only dry ice need be.added before stirring.

=129
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bointé pere oh- veanstad gas T [a oane mess ¥
vapor condenses. (See page“ji“_)o the heat is
conducted from &the collar surrounding the cold
point through a copvet rod into the cold trap: It
is essential to keep this system cold; ntherwvise
mercury and C=616 will enter and damage the 1. 5.
tube. =

Water ice collects on the ~opper rod by
condensétion from the air. The slush ievel shonld
not be atove the 5/8-linch coppsr rod or too much
ice forms. It is necessary that the operator scrape
off the ice formed on the collar and PG inlet tube
to keeﬁ the cold point from shifting to thé wrong
location.

vaers should be.kept on the flasks to

reduce the amount of water getting into slush mix-

'tureso A schedule will be set up whereby the slush

traps are replaced weekly soO that the water collected
can be removed.
The L-28 cold traps on the evacuation system

of the manifolds mustAreceive the proper attention

~as described above for the tube rack coid traps.

Instead of once -per shift, these cold traps should be
checked every 2 to 4 hours. Checking these traps 1s
another responsibility of the Station Operator,




FY
vy

T

L SN

=

38

<
14

v

1 the .3

T

I

-

"

r!

- J‘-v: g
R I

s

.
ER

[
i
*

o~y e
TN

<l
e

4
P2

san P L

o
G
[

’3

o
P

Lo

=

¥i

wl3lw



|ﬂ

In the description of the Relay Rack,

(pert I-D-3 of +his manusl) the various panels and

their functions were described. As explained

previously, trese panels requlre periodic adjust-
% the Line Recorder mey

ments and checks in order tha

operate satisfactorily. The adjustments and checks

e L. R. ' equipment, once it has been

necessary on th
calibrated and turned over to the L.R. Department,

3
. 3

are ag listed below:
1. Ion Gage
This electronic circuit 1is employed

to measure pressures within ‘the M.S, tube below a

- yalue of 5 X 10-5 mn of Hg.
Periodically, twice or more per
s follows.'A~‘

shift, the operator will check the Ion Gage a

a. Zeroing the meter
1- The Scale Factor control is turned - L
to the "off" position. e it
2- The lE_QZBEggﬁ control

to “Ion Gage Automatic"
- 3= If the meter ‘does not read 2eTo,

turn the Bg;gnge gogtzol until the meter 1s reading

shall be set

zero. .
b ’“cn hg_Sepsit

1- Turn the Instrumgnt control to

“ne w2

nCheck Sensitivity":




2. The meter should rsad "5"; and if

not, adjust the Sepsitivity knob untll the meter is
on "57,

¢. Checking Emission

l- Turn the Instrument control to
"Check Smission" and adjust the Regulgte knob until
the emission plateau is reached. (Contact your super-
visor if this procedure is necessary).

2- Turn the Emission Adjust contrel until

the reading is "8" . i1f necessary.

3~ The sensltivity must now be re~checked
and if the controls are changed, the Emlssion and
Sensitivity are checked against each other until
Sensitivity reads "5" and Emission reads "8Y,

d, Normal Operation
1~ The Jon Gage shall be operated at all

times on the Instrument setting of "Ion Gage Automatic”.
This then provides the safety cut-out feature, in case

of high pressures, for the two filaments,

2- For normal operatlon the Scale Factor

control will be set to either "1 x 10=6" or "1 x 10-7"
readings. Pressures above these two settings should -
be brought to the supervisor'!s attention immediately.
e. Speclal Operations
If at any time the pressures cause the
gage to cut-out the procedure is: ’
1- Allow a reésénable length of time to

elapse so that the tube pressure may be pumped down.

- _—— i
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wsh the Filament i 3watsh —aiwvn

~
Loem

-he Instrument switch on "Ion Gage automatic! g

she M,8. tube Filamsnt switen teo Yeff©,

@
o
4
—t
o
;é%% 3~ If the Ton Gage v
ot
2

oW

mzing on the
pressuie'is below 1 x 10“6, the Filswment switeh
on the Emission Regulator may be turned 'on" and normal
operation_be continued.

4. If for any reason the pressure is
not pumped down within 15 minutes after the distur-
banee, check with supervisor.

At times the Yorn gage must be turnsd ofF.,
To do this, push the Filament Trip button. When
turning on the filament of the Ion gage follow the
procedure as deécribed above.

"Degassing' of the Ion gage tube is at
times necessary due to the high pressure that results
from the slow degassing of absorbed gas under normal
conditions. The procedure is:

a, Throw Filament, switch of Emlssion
Regulator is Yoff™", *

b, "Trip" the Ion gage filament.

¢. Tuorn the Grid switch on for a period
of 1 minute.

d. Put the Filament control of the Ion
gage to the "on' position.

e. Now throw the Grid switech to "on"
alternately every 30 seconds untill
the pressure as read on the Ion gage
meter does not increase more than 2

large divisjons wlth a scale-factor
of "L x 10~6". When this condition

is obtainred, return to normal operation

settingsa
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entage of contaminant must 2 kept scastart,
accurate vresulis are to be ottained, This is accom-
plished by holding the numper of elscirons emitied
from the i,S. tube filament tc a certain constant
value with an emission regulator,

To check this Emission Regulator
the procedure 1is:

a, Turn the Filament switch to the
Ton® position.

b, AdJust the Regulate knob until the
emlssion plateau 1s zeached,

¢. Adjust the current of the filament
with the Emission control knobs so )
that the emissicn is reading the
value designated on the Calibration
Chart )
d. Check the reading for the Trap
current. If thils value is not within
80% of the Emission current, notify
Mg intenance,
To read correctily the Emission value, the
reading of the Emission Meter is to be multiplied by
the sensitivity factor at which the instrument control

i1s set,
3o Do C, Amplifier -

To assure correct amplification of the
signals from the M.S. tube pre-amplifier and amplifier,
certain conditiocns must be maintained. These include
maintaining the correct filament emission of the gmplifier

tubes, proper voltage regulation, proper battery voltage,

=135 pratesss=r A8
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These conditions may b2 cnz2cked zs

. follows:
a. Hllapent, Regulate spd Bantery Chacks.
1~ Turn the Chegk switeh to "FIlU and
then to "Reg.". The meter should read within the '"Red

Band" range for both and alsc when the "Bat.," switen
is depressed.

2- 1If the meter does not read within
this range for the three checks, the shift supervisor
may correct the condition by adjusting the proper
screwdriver controls in the back of the panel,

- b. Amplifier Zero

‘lw The Amplifier Zero is corrected ty
putting the sensitivity control of the Output meter
to factor "x 1", while the L.R, 1s on a point which
requires no acceleration voltage, (Pirani or Amplifier
Zero prints),

2=~ AdJust the "Fine® balance control to
make the neceséary correctiog so0 that the meter reads
"O" and immediately turn the output meter to "off" be~
fore the machine starts reading a peak which requires
acceleration voltage. This adjustment is made only
when the pript point 1s 1 or more divislions either
slde of the zero line on the recorder strip chart,

3~ If the "Fine' balance control is not

sufflclient to balance the meter to zero the procedure

1s: L e
© wl3b-




a. For too low meter readinz. twurn
the *¥ine" control countareciock-
vise to the low position.

b. Revolve the "HMedium’ control
clockwise One posiltion,

¢, Adjust the "Fine" control Tor the
proper meter reading.

If this does not bring the reading %o
zero, repeat the procedure until the correct reading
is obtained.

a. For too high a meter reading turn

the "Fine" control clockwise to
the far position,

b, Revolve the "Medium" conirol ONE
position counter~clockwise.

Cs AdJuét the "Fine"‘control for
proper readings or repeat the above
procedure, 1f necessarys.
c¢. Sensitivity controls, for the 8 channel
signals printed by the Illecromax recorder, are provided
so that the iicromax will not print off-scale for any
mass., These controls are adjusted for an increase in
reading by turning clockwise one position at a time, and
for a decrease in reading, counter.clcckwise.,

The sensitivity settings are x100, x50,
x20, x10, x5, x2, and x1 for the recorder while for the
Output meter the sensitivity settings range from x1000 to
x1l. Thg reason for this difference in sensitivity controls
1s that the Qutput meter is ten times more sensitive,'
hence for the same reading on the recorder and the Out~
put meter the sensitivity setting for the Output meter
willl be 10 times greater than for the recorder.

——
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in some cases (such as for mass 28), the lowust
sensitivity is too high for the amplifisr cutpus
above certain concentrations of that component .
In these cases it 1is advigable to turn the
sensitivity to "Off";

4. Hain Control

. This panel houses the necessary
screwdriver controls for the 14 cromax NRecorder, the
Focus and Trimmer adjustments, Acceleration Voltage
Seilector & Point Selector switches and the Manual
Divider.

a. The Focus control setting is deter-
mined by the static calibration and
i1s to remain constant at the value
specified on the Calibration.

b. The Trimmer control settings are
specified on the Calibration Chart,
but as the machine is used these
settings are changed due %o
ndrifting™ of the High Voltage

Supply which necessitates repeaking of
the machine once per shift.

¢. Peaking-Trimmer

1~ With the Line Recorder operating
correctly, and printing mass 28, turn the output meter
control of the D.C. Amplifier to the sensitivity that
will allow the meter to read approximately half-scale.

2= Using the Trimmer "F;ne“ control,
adjust until the meter reads the highest value (maximum).
Only a slight adjustment 1is usually necessaryo.

do -Peaking - Trimmer and Screwdriver

1= Follow the ;wo steps given above for

=138 m




3= Adjust the sarawdriver ccntrol for
that mass {Cliannels must corresjysnd) =c : rat “he
Cutput meter rzads the maximum signal

4~ Follow the last two steps, (2 & 3)
of this procedure for all masses,

e. Precautions

1~ Peaking must b2 sccomplished aulckly,
for a period of onliy 24 seconds is needed for the
machine to print and then change to arother mass,

2= Alwgys turn the Output meter control
to "Off" a few seconds before the sigral is printed,
If this Is not done, damage to the OJutput meter may
result,

d, Once a week (or morz cften if pecessary)

the machine constant (acceleration voltage x mass)
shali be calculated for each measured component. This
is done by multiplying the acceieraticn voltage for
each component measured, as read on the voltmeter, 5y
the weight of the mass for that component, - If the machine
constant, for each component gas measured, equals the

average of the readings within 5%, it can be assumed

=130=
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Revision #4

Convinuedd from Page 138

2.

Se

4.

S.

6..

all masses. '

Record the Trimmer Fine Setting for each point

.printed. (Neglecting Pirani & Amp. Zero)

Add all the Trimmer Fine ssttings and divide by
the number of settings, thus determing thé averags.
Enter the Trimmer Fine Setting for each point and

Average Setting on the Data Sheet Provided.
Set the Trimmer Fine control to the Average

Setting reading. -

Notify your supervisor immediately if any readings
differ more than "2%" divisions from the average
setting.. He will then peak the machine with the

serewdriver adjustments and Trimmer control.

BE. Precautiouns. .

1.

2.

F. Summary

Peeking must be accc;mplished quickly, for a period
of only 24 seconds is needed for the machine to
print and then change to another mass.

Always turn the Output Meber control to "Off®

a few seconds before the signal is printed. If

this is not done, damage to the Output meter

mey result.

If the Trimmer Fine setting for the channels are with-

in 2 divisions of the average setting, it may be assumed

l4
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21l masses (coumponsnts). If howeysr. :oms -1 a0
»eacings ssem erroneous; further chacics cnowld
definitely bz made.

5. High Voltage Supply

This unit supplies taz soltage
necessary for the M.S. tube accslerating plate:s,
The visual check for determining if the 7 V. saprly
is operating properly is the reading of the wmilillanm.-
meter. This reading should be within the "Operating
Eange" of 0.2 and 1.2 m.a. Otherwise., contact your
Supervisor.

6. Liicromax Recorder

Ogee the recorder is operating
properly, it is automatic and only" a few mechanical
aspects of this instrument need be checked by the
operator. These are:

_ 1~ Inspect the Strip Chart to determine
if it is properly installed. If the chart is near
the end of the roll (30 in.), contact Maintenance.

2. If the print points are not clear, see
that the ink pads are re-inked or replaced by
Maintenance. ' ‘

3- If the Amplifier Zero ;eading is
not within 1/3 division of the value indicated by the
Output meter, or the Plrani reading is not within 1/2
division of that indicated by the Pirani gage, notify

PSS

llaintenance.
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*he other, open the deor benind the pana.

:n which the "principal" rccorder is located

Unscrevw

and Temove the CR-1 Recéliver plug and -5~

oL Sl A=A 2]

ctall this line in the CRwl Reveiver behind the

Recorder of the other L.1. unit. Be sure to

notify C.C.R., of this change.

5_ If at any time it 1s necessary

to revise the printing program of the L.R."'s, the

new proéram plugs will be 1n;talled either by

Maintenance or by the L. R. supervisory personnel.

7, Main Switch Panel

The precaution to be observed with

this panel is to check periodically to see if any

switches have accidentally been thrown to the "Off"

positionu Only in case of an emergency, where the

personnel or squipment 1s endangered, should these

switche

s be thrown without specific instructlions

from the supervisors. .

N
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rime will Beo tabulated.

¢, Anytime that a change 15 made vhich is not

due to a change in process (e.g-» adjusting leaks,
odjusting Amplifier Zere, filament off, Ltc ), it should
bé indicated on the chart.

d., Any pertinent data relating %o Proczss
should also be indicated.

The method used to obtain the correct readings
are! ’

a. The hourly readings for entry in the Log
Sheet shall be based on the average of the readings for
the past 10 minute period, unless there is. a paciel,
surge 6r pirani fluctuation.

b, In such cases the readings may be tagen

when they becomne constant-not to exceed 20 minutes after

the hour, or 1f necessary 10 minutes before the hour.
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or

111 cmmeiss opounie 8UTL] coort sheil w
neatly printed betusen the 40" and "O0M divasiorn
Lines. An example is?

\ 40 50 60 70 30 30

3 ' - >, # Al
/ : . g A Cetl “hion LA
4 -——"———” N
: 1
* A
’ [
\ o ‘o '
\\\‘“ .
' j?o - /;aéf%?-Fngef'f}?”7
, ///o‘ 1 Lposeilion
$ . _
; 2
. L)
y When a chart is removed from the iicromax,

1t is to be filed in the main offlce, , )

Gould any of your LR Units a/zc/m;e Coffec/Jandef’d‘ny condF16 75
with F+he ﬂl'/aﬂ/" re ading as shywnl Refers page 107

NOTL: ¢ WHENEVER A CHANGE 1S TO BE "TTADE ON THE LINE
RECONDET. AILVAYS NOTIFY THE CCR BEFOTE CONTINUING TITH

THE CHANGE.

The Station Operator should remember that
the condition of the strip chart, iog book, and log
sheets is an important indication of the condition of

that Station. Therefore, make all entries neat,

gecurate and complete.

S
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a general picture of process zontiztions for & paviicular
vuilding. Bach hour, all data called for on the og
sheet will be recorded. "Remaris" iy 4o 2xplzin zny
readinzgs on the sheet which would tend to
impressioné of the condiﬁion of the process condition.

If a tube rack is beilng repaired or srtinding
by, operators should continue to record ion gage, therzo-
coup1e~gage, gte, so that the ;quipment i1l not 'ro H=g"

during the shift without the operator's knouledge.

Cad

. Log Book
The log book should supplement the strip chart

and log sheet, It shonld contain all pertinent information

regardlng the process of L.R., all non-rouitine acticns,
suggestionsﬁ.a comp;ete record of the Ddrocess stream as
obtalned from Building operations, comments -of zny kind,
instructions that should be forwarded to the next shifi,
ete. All entries should be initisled ty the éperatorq

The data obtained from éach cell scanned will
be entéred in the data sheet provided for that Line
Recorder. Also note to which cell you have changed the
analyzing polnt,

When 1t 1s necessary to take data for entry in
the data sheet and the operator's time is being consumed
on some other jéb, it is only necessary thit he mork the

correct time on the strip chart so that when time allows,

. the data may be read off the caart and enisrsd on the

sheet. However, Readings that are not printed by the
wl 44.= lmlll!!ii!!!!
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Micromax, must be recorded al
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4, Miscellaneous

Other information which skould be reccrded

by the operator is as follows:
1 - Peaking Data -

This data, which consists of the Coarse and
Fine Trimmer control settings; the current and
voltage Teadings of the High Voltage supply and the
initials of the operator doing the peaking, shall De
kept on the "History of Peaking" log sheet that 1s
posted on the. panel board.

The operator will peak the mschine once

per shift with the trimmer, while the machine 1is

. recording lass 28, The supervisor will peak the

machine vwith the Trimmer and Screwdriver adjustment

on the 3rd shift of the 7th day and note the deviation
of reading for: Mass 14, 28 and 32. At the end of
the work week (Sunday -3rd shift) the sheets will be
collected and sent to the C.C.R. There the results
of the peaking will be analyzed and the information
used, .
2 = Residuai Checks -

These Residual sheets provide spaces for
the follcwing informations

Building, Line Recorder, Date, Time the
Pumping was started, time of Readings and the Readings -
Amplifier Zero, Pirani setting, Ion gage pressure,
reading, sensitivity and constants of all masses and

the Residual Percentage of all masses (Signal
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Ciengltive oy & Caliltraticon Tonstaat.

T 5.2 nottom of the znest Urese vl
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m

spece for :ntry of tie 100% air checlt resulus.
When she sneed ls fiiled out she ohilt
surervisor will check zand send it to the crea supco.-
visor for reference,
3 =« Top & Bottom Cell Scans -

Once per shift the’top'and bottom celis of
each building {usually #1 and #2 cellg) are analyzed
to check the G-74, Op, COp and S-316 concentrazticns.

""he results of these scans shall bhe Szbu=-

m

lated in the log becok and also telephoned to C.C.R,
for their files. The results will cﬁnsist of:

Time, Date, Buiiding, Cells ana;yzed, Line
Recorder used for the ~heck and the actual percentage
readings for the two cells,

4 -~ Status of Bullding and Station -

The condition of each bullding and station
and the nuiber of gssay samples withdravn 1s to be
reported to the area supervisor at the end of each
shift. This report is to enable the next area super-
visor to more quickly decide what will be done on his

shift,
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(a)

sulgc,

Use the pncne sumbss 25 wnesn 2glliing or
this inYormation gnd contact the L. 3. -
frcocess Coordinator.

411 scanning data iz to be =ntered on
the forw of the kxind sttachzd %o thesa
lnstructions. Operaters wiii f£1ii in
the blanks that arz underliirsd. Cor-
stants for any mecnine need be enterad
for one 5at of Tesadings only

The completed forms will be picked up

by the coordinator or his assistant.
Nétiry C. 8. R thet these forms ere

complete, a8 they are completed.

accurates readings are of utmost imporiance.

[a)

Sensitivity set<ings should ve for

factor] such as C x 1 instecéd o

Righest value permizsipl

o

’».J

C¥ees

b
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{b) ReaCings should represent the  aversge
values for a period or 30 minutss,

(e} The L. R, 3trip chart should e marked
With wn arrow to irdicate the point at
which readings were taken.

(d) T and B Readings should be taken wich

‘ the pirani setting as near gs possible
tc correct setting at this concentration.
This should result in pirani readings the
same or within 2 divisions in both cases.
©. Building Foresmen and crew leaders have been in-
8tructed by the general foremen to advise the
station operators on the following information
for their building.
" {a) Stage pressures for each building,
{b) Condition of each cell in building.
(c) Changes in cell status in advance.
This information should be irdicated by:

(a) Giving the time and date of last air or

1

95=5 check. =

(b) Giving time and date of last calibration.

NOTE: This procedure supercedes
#% of Page 146 {top and bottom

cell scans),
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aportant both to the indlviduval and To the 7hole

¢

oerganization. Through carelessness,the individunal
stands %o lose both time and pay while the organi.
zatlon loses the services which are badly needed
at all times.,

Carbide is very 3afety-conscious as
evidenced by the sctive Safzty Department., Al.
though op=2ration of the Line Recorder Station-is
by no means a "dangerous Job", nevertheless pre-~
cautions shguld be taken to avoié harm, Some of
these are:s

i - Keep equipment in the prover place,
Don’t leave sampling blocks or torque wrenches
where they can be tripped over,

2 = Use care in handling L-28 and dry
ices Treat these with the same respect as you
would bholling water--~both refrigerants are cold
enough %o cause bad "burns”. Gloves and Safety
éoggles are igsued to every operator from the
Safety Storeroom'in 309-3,

3 = Refrain from breathing trichlor-
ethylene fumes, These can be harmful if inhaled
in sufficient quantity.

4 - DRY ICE IS NOT TO BE USED TO COOL

MILK OR SOFT DRINKS. There is danger of injury

SeTEET—
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<. akGed Ganger U conlapizaiing “he 4ry ice and

8]

sie rule will be =nforeed,

5 - Use care in handling vrenches.
Stools a;e provided to help reach the upper walves.

6 - Remember that P.3. is pressnt in
the manifold and sampling lines and that although -
it shoulé be duly respected, it should not be ]
feared., White fumes are a sign of danger., Take
precautions not to open a valve unless y%u know
which it is and what should nappen after the vaive
is opened. Use care in handling sample %ube
especlally if z leak is suspected. |

7 = The Calrod heaters on the "U" tube
of the Sampling manifold will give burns. since
1t heats the tube to a temperature higher than
that of boiling water. Turﬁ the heater off vhen
it is not in use,

8 = Handling electrical connections on
the tube rack may vesult in a shock. Aside from
changing C.C.R. from one recorder to the other,
the operater should have no reason to Landle any
of the electronic equipment behind the Relay
Racks, ‘ ‘

These and other safety precautions will

be followed by an zlert operator. temember, 1t's

better to be safe than sorry.... 4
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Tn sddition to the relay rack. -ude

racks, ‘and mahifolds, the Line Reccrder Stations
will be provided with the following equipment:

Log table

PAX telephone

Telephone stand

Log Books {2 LoR., 2 Sampling)

Data Sheet Clip Boards

Chairs -

Catinet

Foot Stoocl

Tool box with Complzte Set cf Tools**
Sampling Stools

Waste can

Dry-ice container

Scoop

Wooden stirring rod

Pprichlorethyione container (red can)
L-28 Transfer apparatus

L-28 Carboy (50-liter carboy)

1-28 Dispensing can

Sampling Equipment (gloves, sample cards,

ot 1 e et P e R O B B O B

/ etc, )

Those items which are not present in a
station will be supplled as soon as possible, Each
operator is expected to keep all equipment in 1its
proper place and in good condition.

The supplies uséd by each Station will
be furnished by a Supply Crew operating from
cenﬁraliy located supply rooms.

*%x A list of tools will be issued at a later date.

AR




It is the duty of the (=4 shift ¢o chscuy the
inventory of sll expendable supplies, such
tricnlorethylene, dry ice, I-28, etc. Znougnh of
these materials should be on hand %ec last until

the next vieek-day 8-4 shift, This is necessary

at rresent since the supply crew works svraight
day-shift, If urgently necessary, supplies can

be obtained on the 4-12 and 12~8 shift by contacting
the Section Supervisor who has the supply room

key, The supply rooms for the various sections

are as follows:

Supply Room Bell Phone PAX hone
301-3 g-9286 45~
303-5 _ S 9411 -
305-2

305~11

3. Housekeeping

One of the requiresments of an A-1 Station is
that it be clean and orderly. This includes such
items as:

| 1 « Keeping Log Books and Log Sheets in neat
arrangement with no miscellancous material
scattered around.

2 = Disposing of waste such as paper scraps,
clgarette butts, lunch bags, ete. Into the waste can
stpplied for this purpose. This also includeé
magazines and newspapers which are pot to be
brought into a station.

3 = Placing equipment in the proper locaticn.
SOEE—
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his appline particaiariy %o Jfraglile aguipnment
such as Deviar Flasks. Ch~ack with sup~rvisor
regording the propar location for the-various
1tenms of equipneant.

4 -~ Suesping and geneiral clzaning which
will be done by specisl Janitresseé who have
been assigned for daily clean-up of each Station.

4, Resvonsibility of Operators

Some general points regarding the
responsibilities and duties of L, . Stacion
operators are:

1 - Operators should make every effort to
relieve the previous shift a few minutes ahead
of time, At least 10 minutes is desirable since
it provides time for the new operator to learn ’
the status of the Station and building before
actually starting operation. Thus, the relieved
operator is not required to stay late,

2~ If an operator 1s unable to come to worg
Eecause of illness or equivalent feason9 word
should be forﬁarded to the Main Office (8687) as
eérly as possible so that the necessary relief can
be provided, This is also essential if it 1s
necessary to come 1in late 6r leave early.

3 « During the last hour of each shift, the
operator should determine the status of each cell




in the 2 buildings and the status of each Line
Recorder unit Iln the Station. This information
is made avallable to the supervisor and is also
to be entered in the Station Loé_Books°

4 = Upon coming on shift, the operator
should ascertain the buildiﬁg and Station status
from the L&g Books, Strip Charts, and the
previocus Station operator and/or supervisor.
These communications are an important link be-
tvween shifts and are essential for smooth round-
the-clock operation,

5 = The operator should take readings
regularly and promptly (see page_/7”), and should

see that the Station is keﬁt in good order. A

good operator keeps wellfinfogmeg and is constantly
glert for any conditions which may require

special attention, \

6 = The operator is responsible directly to
his or her unit supervisor. Any suggestions
regarding the operation of that statibn should be
gilven to this supervisor who will in turn relay
them to the operator. This is necessary so that
there will be a minimum conflict of authority.

7 -« The operator is not obliged to act on
orders from bullding foremer instead, he should
refer.the foreman to the unit supervisor. In no
'case should an operator give information (such

AfiiRsaney
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as inlesaxage rates: jocating of l2ris, 3%C -
to building formern °OF brocess tecnnical meh-
Thig is the responsipility of the supervisor
and of s c.R. However, the operator can

obtain information from ithe foremen r=gaicing
puilding status, otc, so that this information
can be relayed to C.C.R.

8 .~ The operatoT should keep the Central
Control Room informed of all ﬁrocess changes
and any peftinent jinformation concerning the
Line Recorders. (See page,j:::)g The C.C:R.
can requeét the operator to make changes in
the operation of éhe nprincipal recorder” if
these are found neressary. However, C.C.R. does
not have the authority to do more than advise
regarding general Station operation.

9 - In the cvent of a surge or passage of
a slug of contaminant, c.C.T. will notify the
operator of its origin and cause as soon as
possible, DO NOT CALL OTHER STATIONS because
it is imperative that the telephone lines be
kept open; instead, contact C.C.T.

10 « The operator should see that proper
operating'condiﬁions are maintained. This in-
cludes seeing that cold traps sre filled, that
the proper valves are opened or closed {these
shouid be checked at the start of each shift)

that the routilne checks (discussed earlier in

- 9153"‘ .- .om -
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this section) are properly made.

5. Maintenance and Repalr
l- ventiv £ ce s

A routine check of various components
of the Line Recorder units will often indlcate
g defettive part which may iater give trouble.
The Instrument Department will therefore have
a schedule whereby maintenance men will chéclk
every machine daély to see if alarm systems,
pumps, electroni¢ units, etc, are properly oper-
ating.

| These checks are designed so that they
will not disrupt mormal operation of these units°
The instrument is still wnder control of the
operater who can request that no chaeks inter-
ferring with normal operation be run at that
time. ’
2 - Bxpepimental Rung

Various experimental runs may be con-
ducted by maintenance men to obtain Information
_on the operation of a certain unit. All experi-
ments must be sanctioned by the L. R. Dapartment
head and work -should not he started before con-
taéting the Unit Supervisor. In general, experi-
nents will be conducfed only under those conditlions
when. normal operation of the étation will not ha

interfored with. R
=154~
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allation

New units are instelled Dy = crew

from ihe Instrument Department. When the unit

is installed and calibrated, the Unit Super-

visor should be contazted for checking the

work and signing the Caliibration ZThart, 1If the

unit is in a building not yet in operation, the

lMaintenance section should be contacted so that

the unit can be kept conditioned with C=616

until such time that the Station is taken over

by the L,

n

. Department.

4 - General Repairp
Repair work is often required in the

Stations since the equipment used is very delicate

and the results must conform to high standards of

accuracy.

To obtain prompt and efficient repair

service, the procedures outlined below should be

followed:

Notlfy supervisor

The supervisor will help analyze the
difficulty

A work order is made cut and the
mintenance superviscr i3 ¢oniacued
irintenance men tske over the machine
and proceed with repair work

Upon completion, the supervisor checks
the work and 1f found satisfactory,

the unit is returned to normal operation.

For a more detailed outline of this

/5

procedure, see page, °
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. Shify Schedulas snd Job Assignment

The ssgsignment of jobs and shifts is
made periodically to meet the demands of the work
and the number of employees avallable. Following
the training peried, each employee is given an
opportunity %o chocse a definite shift and every
offort will be made to provide this if possible.,
However, the supervisor in charge of arranging
work schadules reserves the right Uo make any
changes necessary for the bemeflt of the Depart-
ment ss a whole,

A shift schedule is provided «n the
followirg page. Mr. Fleshman or the‘supervisors

will answer any questions regarding the schedule.

7, Intrg-Department Coordination

In order to facilitate operations in
the Line Recorder stations and to coordinate the
work of the L. R. Department on an overall basis,
i1t is necessary to standardize procedures, check
the station equipment and collect all pertinent
data regarding abnormal operating conditions.

The standardizing of procedures is
partially accomplished with the issuing of this
manual (providing the operators will follow the
instructions given herewith) %nd as the supervisory
and operating personnel become more familiar with

the equipment and its eccentricities; new and/or

~156- Jheesstasnsnes SR
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revised procedures will be issued.

' Checking the status of dulldings and
of station equipment will be done once per day by
the Intra-Department Coordinator. However, for
a continual check, it 1s necessasy that the
. operators call the Records Department of the C.C.R,
and notify them of the following conditions:?

1 - Cellis off stream

a/ For tests
b/ For repairs

2 - Statiions with faulty equipment
a/’ Tube racks
b/ Relay racks
¢// Manifolds
d,7 Sampling Manifolds
3 - Any-time when the equipment listed
abowe 1s vepaired or put back on-
str ecan.
This ¢lata is to facilitate the repairiug
of equipment and f or maintaining a better over-all

plcture of the Carscade.

8. Questlons and ;Answers

Some o f the many questions asked of !Ir.
Fleshman by operatiors are included below:
Qs What 2-% I do) if I fail to clock in or out?
A, On the followi“g_day, a notice will be attached
to your c¢loc’z card indicating failure .to cloeck

1

1% or out. Iilemove this notice and write on the
back thereof %hc rzzson for the failure and the

actual time of leaving or arriving. Turn this

=l 90w ‘w



&,

Q.
A,

Q.
Ao

Qo

A,

Qe

A

card over o ir. Fleshman, Unless this is cone,
loss of a day’s pay will result.
How may a discrepancy in Iy pay check be correscted?

Bring the check or stub +o Mr, Pleshman and explzin

- what's wrong. He either will get® 1% adjusted or

send you to the proper place to get this done., O .
he ﬁay offer a satisfactory explanation regarding
an apparent discrepancy,

What should I do if I expect to be absent?

Call 8687 as directed on page . An absentes
Log Book will be provided near that phone. Any
absence not logged in that book will be forwarded
in as an unexcused absenceo.

How do I get my shift or job assigrment changed?
¥ake out a written request and submit this to v,
Fleshdan., List all reasons for the request. All
possible consideration will be glven.

What if I have a complaint or grievance?

See Mr. Fleshman personaliy and he will see that
the matter is taken care of to your satisfaetion,
Where do I get infqrmation regarding salary and
raises in pay?

Carbide has a standard system of merit increases in
pay rate and Hr. Fleshman will gladly discuss this
matter with any of you. In the Line Recorder
Department there are two general classifications

for operators:

=150«




B operator - reguires supervision
A operator - requirves no supervislon ané has
the ability to teach proper
operation tc new operators,
The pay rates of these classiiications
are approximately the same as the A & B classifi~
cations throughout the plant.
When do_I get o vacation?
Carbide policy regarding vacaticns for hourly
employees 1s that they gqﬁ 1 week per year at
straight-time pay. You are eligible after compléting
one year of continuous service. ©See Ilir, Fleshman
about vacation schedules.
What about overtime work?
Overtime worit is granted to any employee if the
need is Jjustified., Yo limit on the amount worked by
male erployees, but women may not vork more than 4
nours overtime per day or more than 66 hours per
week, Overtime is paid for all work over 8 hours
in any constituted working day or over 40 hours in
any corstituted working week., UNo overtime 1s paild
unless specilal auéhorization is signed by Iir.
Flechman and turned into the time-keeping department,
Other questions on insurance, sick leave,

etc, should be taken up with (Dr.) Fleshman.

SR
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The Iine Recorder S8sations are trovilsd
with an interestacion PAX system. Calls should De
of limited length so that the lines are kept clear

in case of an emergency. A list of aumbers follews:

4

PAX SYSTEIM

311“1 310“3 0.9‘36.560.00000.-050090009505000 lo
1

310“1“2 CB0RCBO0C0O0EOBOEIEPEROBG00000020009000DIE =

309°2“3 ...D°¢°°°OIQOCUQ'...OO.'.QOGOOBGQ0.0'& 12

309”1 301_1 O...0.00COO"‘OOOO.B.OIOGO.QQ.‘OQO }—3
i

301-2“3 084060000085 Aa0AISESEBOEN OB EOOBV 40093660 o

301“4“5 2 040800008000 0eCCeNOSOSSOsEE® TGN S IO 15

302‘1”2 © 008800 R U ®EEOOOGEO003I0CGCOPOESDTASIBIOORTO NS 16
392°3-4 6 60€386083C0000000388C500TROCOVCCICECES IO 17
302@5 -303*1&04..onvo.ooooaocoacooo-ooooa.on¢o 18
303~2@3 e P OGS 008820 eEESROEIV0GEsSN0O0CSSSess0sS s 19
303“4.5 P T R R A R R N NS A secec 20
303“6-7 €9 4 CE 8 0809880606080 06e000080ITREO@GOSEC sa 21
303"8—9 € 68 000882000 ECENESETEEeC0000RRSSEIESI D 22
303-10 P e® 000 E0GeDECAeU s OESO0OSSIEOISNREOONSOGEEOSSA 40

Central Control Room (General) cecececossceo 23
Central Control Room (Emergencyli.c.scceesss 24
Central Control Room (Records) ccesccessessoco 25

304“1—2 cecG6b6esescassoseesoaeveacslonuooOoRdee el 57
304”5 305“1 cqcoog.nocoa-coooooeooooooooceoo 26
305”2‘3 608 00800 EIROCADEGCOCGSERNOEOSEAI0OGSSCO0SES OO 27
305m4“5 “ 5 85 6T Q6D O EETSESGOAIOERROIDESCOSEBOOQSS D 28
305”6‘7 cofo‘.ooooso-oonneo--cooo-oooo-uoeoa-o 29
305“8-9 9009000000008 ®00¢00a0O00E00000Ce8GO0O0CISICSTRSD 30
305‘10°ll .nq.a..couoo'..aqoc.‘..ooOa'oto;.tnﬂ 31
305’12 306“1 €5 600608000e800AE0Y 908809 e OO 32

306-2-3 0606030008086 9803800000088 000880003086000 33
306-4- €20 00GCENEEO AT DO G003 SOIETOIBROEOaOOOGEO SO 34
306-6-7 €8 60600C3C0#4#0ETA0EP 0O R0S00008008000380e4a0 35
312’1”2 60000690 83CE0SABTPE00BERSeTOsROONO0ERO 36
312“‘3 ...0.00...°DD..Q.‘G‘O.‘....’..._G.GG.‘.I. 37

Ho Ao Nowak o Office 9SG GOBYDOOTIOOTOROOIETSIDO 58
Mhyer's Office 00300 e®EBOOCCOPPECOAGNADOOsCsRSs N Sa 38
Area Office 302—4-5 06 a®PSC0O WSS PODSEOOOI0E S SO 43
TGViS, DrUKey had Office 080000090 ESICGCODSIDODUTSSOTCOC 39

L. R. Meintenance Shop 301=3ccosccocecoscsses 42
SWitctlboa;‘d operator 000.'009000D.OQO..QOG.O'O 44
Ll Ro Supply Room._ 301“2 68000 0e00Q000880O00 45

Bgll Phgne S!gtem: Méin Office 060 0DSOE®SO0, 4 8687
CQCORO ©000@€05000000063900 8-9457
=161~
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Altheagh e2awlt situradlict prosenit LTE 0
individual problams, it is hoped that the rsllicwing
dis-vrosions il halp moDpare Bot: the apsrator and o2
suzsrULoty Tor boas Jruoal candiznt of any facn abnorial
siTun oo

B, Frocesg teaks

To give an ldea of the unprecedinted tightness

- = AmiIiTmTaAns [ g <
whickh all proces:z squipment in the K.25 pling rust reach,

the follecuing :
Sectisn, Volume TI, Page 2706: 17 the whcele plant wara
complated and every pars in it Ter: aheolataly tishn and

a hole were drilled somewhere irn one pipe vith a ilo
drill {(about iSthousandths of an inch in diameter), the
plant would ihen have the overall inleakage vhich is the
maximum it may have when finished,"” Orly 2 small numder
of tiny leaks are needed to exczed the maximum allowabla
1nleakégeu

As stated on Page 2, the principal functlons
of thz Line Recorder are %0 de%ermine vhetrar or not =ae

i3 normal .
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ON
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{

ieakzge of G-74, air, or C-216

and o assist in lccating an abnormal Teak in the system,

201 n e :
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The operator should therefore be sufficientliy
acquainted with Process and Line Recorder operation
so that a leak can be recognized anC then isolated.
a. G=74 and Air Lesks
The pormal inleakage of G-74 into the
process stream results in a small concentration of
this contaminant throughout the plant with little
variation from one cell to another. The G-74 passes
to the top of the Cascade and is removed from the
Cascade by continuous purging. This normal G-74
inleakage results from the following sources:?
1 - Seal Feed system
2 - Returning off-streanm equipment %o
process
3 =« Single-seated block valves lsolating
~~. process from G-74 supply
4 - Double-seated block valves pressured
~ with G-74 when equipment is down for
repairs
5 - Leaks from cell (ambient) air
G-74 is also used in the datum and buffer
zone systems and for purging equipment to remove C-~616.
With this widespread use of G-74, there are many

potential sources of abno ;ggl 0-24 inlegkage into the

Process stream.

s0 a rise in the 32 signal would distinguish this type

of leak. Since the outer seal of the pumps 1s supplied
with dry air, there is also a possibility of dry air - ‘
entering P.G. lines in case of seal failures. Also cross-‘

overs from the dry air system to the G-74 headers may

4ntroduce air into seal feed storage drums if they are

JEAE SO A

Source (5) ihtroduces air into the C-Gléf”ﬁﬁt“;»~




cpened acéilentelly or intentionally.

4 lesk in the seal feed svstca may 2 iuve

2

to a hich s2el.feed pressure which would be indicate
on *he cell panel board. If the ssal exhaust prsssure
is high, more G=74 is admitied into the processs stread
and this will account for a G-74 rise.
‘Jhen offstream zquipment is returned to
the cascade, a packet of G=74.1is usually introduced.
O0ften a G-74 packet is deliberately introduced into
the cascade ag when *re conbtents of a cell or surge
drum are empiied intc the strean. In these cases,
either the Station operator o C.C.R. snonld be nctified
beforchand by the men in charge of fhat operation.
Singie and double-seated block valves are
a common scurce of G-74 inleakage. In case of a G-=74
leak through a valve bonnet, it is quite possi?le that
the leak is stopped when the block valve is closed and
started again when the valve is opened. This will mean
that the leak may "diaappzar® as soon as the cell s
turned on inverse recycle.
Leaks from the ambient air are evidenced by
a rise in the 32 mass signal as well as a G=74 rise.
If a "uet cir" leak occurs, the 20 mass signal may also
rise although this has not yet proved too reliable.
Since G-74 is used in the datum and buffer
zone systems, these represent another possible source
of inleakage (through the Stage pressure tap).
SNSRIy
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These 7ill be evidenced by a drop in dasuzn pressurs
or g rise in the buffer zene flow., The use of .74
as a purge gas provides many sourczs of possible in-
leakage since the purgé lines are separated frem
onstréam equipment only by single-seated block walve
ffstream equipment béing pressured with G-74 may not
be tightly isolated from onstream equipment so it is
well to be informed wheneveér G-74 1s admitted into
any process piping, whether Sh or offstrean.

Since both G-74 and -xygen are much lighter
than $-616, packets tend to travel up the cascade
fairly rapidly. Present information indicates that
the rate of travel of G~74 or air slugs is about 2
cells per minute (26~28 seconds per cell).

With the aid of the zeli panel boards, and
‘informstion from C.C.R. or meﬁ in charge of building
operation, the experienced operator can often determine
the source and magnitude of G=7% or air leaks. The
.presence.of a leak is unliBiely if the G=74 reading returns
to its fermer value after a few minutes. The next higher
onstream recorder should also indicate a G=74 rise If a
leak actuaily is present. The leak§ are located by

scanning as will be described below.,'

- If an increase of G=74 or G-74 and oxygen 1is
noted, check to see if the rise is indicated on the
neit higher Line Recorder. If not, a leaking manifold
(this may cause a glight rise in the next recorder reading)
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5 12aking tube racl: may be the cause, A »ise In dn

@

oy
~ubé pressure {check ion gage reading) or a defectiTes elec-
tronic unit may alssc cause high readings. If the amplifier
sero or the Pipsni reading is high, ar apparent increase in
the =74 cr oxygsn conceatrations will resulﬁq If in doubt
regarding the cause of the risey; contact the supervisor,
1t i3 often possible to obtain useful information by checking
the "principal recorder® against the "spare'.

A change in process operétion may be the cause
of & G=74 7ise in that cell. If the cell pressure is
reduced or the Direct Recycle valve is opened, the G=74
concentration increases. This condition may be prevalent
betresn two sections operating at different condlitions,
The c¢ell panel board should be checked in these cases. The
ocperator should be well-informed on the various types of
process operation, and ia particular on the type .0T opera-

tion being used in the bulldings analyzed by tha% Station.

If a G=74 or air leak is suspected, contact the
supervisor and C.C.R. at once. Determine tie per cent rise
in the G=74 concen%rafion from the 14 and the 28 signals.
This may be done as follows:

Former Reading (14 peak) 3 difisions x 1 x .02 (const. )
New Reading 8 divisions x1 x .02

Per cent rise in G~.74 concentration 1s .06% to ,16% or 2107 rise.
The "critical" rise in concentratlon aiffers from
one comporent to another énd from one set of operating con-

ditions to another, so a system of letters 1s used in the

e
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aroper oritical walues which will be issued ac gcoon as

.

avallable:

SECTION

Q2
i

>
(¢
]

o
foms
(928

% L B%

311
310
309

301
302
303
304
305
306

Purpe

T
|

For air or G=74 leaks, rises in the G-74 concen-
tration below X% indicates a small leak., Scanning should
be promptly begun (see tzble on page Z//¢) but cares should
be exercised since accurate results are necessary to detect.
small leaks. Between X and Y% increase, the leak is fairly
large and scanning should be started at once. Above Y%
incfease, the leak i1s sufficiently large to warrant placing
the building on Inverse Recycle., If this does not cause
the G~74 concentration in higher buildings to drop,; the
next higher bullding and, if necessary, the next lower build-
ing should be put on Inverse Recyéle. Check with C.C.R. in
all cases.

If it is not certain that the leak is in a certain
building, check the top cell against the bottom cell. If a

w206
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significant difference is observed, scan as indlcatad on

the chert. The fodlowirg is incinded as an illustration:

,12§~-— _
N, 7] —
Cone. G-7 "82’70‘._,,_. J (10-cell
° buildings
13570108642 no Inteps
Botton Top sectional
Half Half celles )

In thls case, a top & bottom sean would result in a high
réading from cell 2 and a low reading from cell 13 cell 10
would give a low reading so the leak is isolated to the top
halfs cell 6 reads high and cell 8 reads low, so the leak
may be assumed to be in cell 6. However, the leak may also
be in the by-pass lines or in cell 4, This can be determined
by checking cell 4 and/or putting cell 6 on Inverse Recycle.
If the by-pass lines leak, the building should be put on
Inverse Recycle to keep G~74 from contaﬁinating the rest of
the cascads. If careful checking has been followed and
conditions seem %o justify putting a cell or building on
Inverse Recycle, the buidding foreman should be notified

to take the proper action. This should be done only by the
supervisor or by C.C.R.

b, C=816 Leaks
Since C=816 is slightly heavier than C=616,
1ts behavior in the process stream is considerably differ-
ent from that of the iight contaninants. It travels very

slowly spreading in both directions with slightly more

travelling towards the bottom of the cascade. At the start,
one cell will hzve a high concentration of 816 and its
presence can be determined by scanning the building.

oA L 4




Ister. if the lesk is allowed to continue, the n2ilz boil
apove znd below the leak will have high 816 concentratlions
with a near-horizontal rlateau in the lLower cedls as shom

_in the sketch belows jgnc#’

%) NS A

10 86 4 21 3 5 77910 8 6 4 2 173 57

The C-818 spreads out in a manner analogous to that of sand
being poured slowly on a sand pile, The exact location of
the leak is more easily determined at the early stagzs than

later vhen mary more cells have been affected.

If an 816 leak is suspected, it is first advise
sble to check tie instrument before assuming vhat the 816
is actually present in the cell, If the I=28 cold trap on
the tube rack is not operating properiy, condensed 816 may
~ diffuse back into the I1.S. tube and cause a rise in the 69
signal, If mersury diffuses into the II.S. tube from the
chemical tfap or from the diffusion pump via the 1=28 trap,
the 69 peak may appear to rise (especially if the 1nstrument'?
1s slightly off peak, since the 67 peak actually rises). :
If an 816 leak is actually present, it should show
up on more than omerecorder. Place the spare recorder on the :‘
same cell if necessary to check the other unit,. The leak is . z
small if the rise in 816 concentrztion is below L# (see pozgé)a

If the leuk is detected at an early stage, scan to locate the

=208~




che changs of peak with tims as showm on prewvious puegt! iy
The ~zak is neted aftsr an hour or zores, scen cells t3 cete
mine the top cell of the plateau.,

1f the rise in 816 concsentration is betveen L znd
4%, scan zells at once as described previcusly. Have tie
forsmen check the coclant level s while scanning, The levels
may not have dropped appreciably or &z drop may be due to
temperature changes, so this test is not too relisble, For
large leaks, however, this may often »onfirm the resuits of
scanning, If the riss is above H%, contact the bullding fore=
man at once to have the suspected cells or building(s? taken
offstream. It may take some time for the 8.6 iam the onsteam
equipment to travel towards the bottom and confirm that the
leak has been isolated to a cell or building put on Inverse
Recycle, However, thes= concentratlons will &rop slowly if

/
the leak =zctually has been isolated.

c. Udscellaneous Leaks |

In addition to G=74, air, and C-816, contaminants
which may be detected with the Line Pecorder include several
other "lights®. |

l= A rise in the 44 peak may be due to eitier a

carbon dioxide or a nitrous oxide leak from the refrigeration
s&stemsg To distinguish between these, the supervisor should
check the 30 peak (N0) using the manual divider. Carbon dioxide
is being considered as a possible probe gas for spottipg leaks,
flore specific information oﬁ this subject will be issued later.

2« A rise in the 20 peak may be due to a "wet air”™
leak or a drop in the feed purity. This rise may be caused by

insufficient S«~44 in the slush trap. M
Y P0G



3= A rise in the o8 peak is usually aceonmpanied

by a corrésponding rise in the 14 peaks However, the 28 reak
may rise from CQ or from N0, sitnough this is uncommon. The
28 peak 1is much more sensitive than the 14 peak and small
leaks can often be detected in this mannef when no rise in
the 14 signal is noticeable.

. The program of the instrument can be changed so
that other suspected impurities can be analyzed if deemed

necessary.

C., Manifold and Tube Rack Leaks

A suspected process ileak often turns out to ve a

1eak between process and the ILS, tube, either in the manifold
or the tube rack, The leak is usually located without diffi-
culty if a'logical procedure is followed. The manifold
diagram is a valuable aid in determining the exact source
of inleakage. Some common Souraes of inleakage follow:

1~ Sample lines from the 6A discharge_to the manifold
and back to the 6A suction may leak, This is evidenced by
the fact that the analysls from one cell seems to be “out-of=
iine" with the others., The G-74 and oxygen concentrations
appear higher with the leaking cell than with the others,
These leaks may cause & siight rise in the next higher cell
since the contaminants are being returped to the proceés stream.

2«lanifold loops above the adjustable leak may have a leak
vhich is indicated by a change seom normal analysls when the

erossovers are used. The same L.R. unit will have different

2] O




readings 1f switehed o the neneleaiking loon. Since raeve
are no crosscvsers on the line helow “he adjustabl: T=ak. 1t
is necessary te close all valves and svacuate the lodp iusing
valve 62 or 63) and proceed to locate thz leax by lsclating
different sections of the evacuated lina, This rrocedure

is followed when the manifold loops are suspecxtsc of leaking

and no change is observed upon switching to the orther loop.

3= Leaks behind the gdjustabls gclibratlion .eak are

common., BEven if this leak is closed tightly z2nd iwo block
valves are also (supposedly) tight, inleakage intn the sample
stream is often possible. Pumping down behind “h: leak (see
page _114) should bring the readings dowm.,

4~ Seat leakage of various valves is common. This may
be spotted wheﬂ different readings are obtained using lines
with non-legking valves,

5~ Sampling manifold leaks occur quite often. These are
evidenced by the difficulty in getting this system sumped down
and the quick rise in pressure after the evacuated zystem is
isolated from the pump. Thé gas passing to the tube rack 1s
often contaminated by leakage through the T-valves 68 or 69,

6~ Tube rack leaks are evidenced by high G-74 or oxygen

readings and by high residual values. It is difficuit in this
case to get very low pressures in the I.S, tube. The pressure
may rise to the point where the filaments are tripped off,
Sim. lar results will be obtained if the dif?usion punp, meche

anical pump, or cold traps are ‘ot operating properly.
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or Lhe manifold and tube maczlk, but these can begt bz Located

vy axarmining the Jacts avaiiabls and by ronducting :tm

©

simle tests. If both tube racks indicate a lezk walch Is
1ot 3 process leak, the fellowing systems should be checked
since cach of these is sonnectad to both analyzing systems?
a= Sampling Janifold
b= Illanifold Evacuation Line
¢= Calibratlon Lines
These systems are checked by evacuating and isclating varlous
sections of the suspected system until the leak 1s located.
"her. the leak is located (or if the exact location cannct
be cetermined, let lintenance men find it), the supervisor

chotld make out a work order to have the defective part

repsired or replaced, (See page 245 ).

D. Inverse Recycle Operation
1. BRoutine ggéggg

In order to distribute the program af cell repair
eveniy over a period of time, routine checks of the inleake
age rates of G=74, air, and C-816 will be conducted on cells
operating on Inverse Recycle, A group of the L. R, department
is reing set up to collect this information and to forward it
to the V. T. D. which functions to keep plant equipment tight,
These routine checks will be supervised by the aforementioned
g:t:oup° Additional information from cells operating on Inverse
Recycle for other routine checks or repéirs should be obtained
whenever possible and the results will be collected by the
above group.

AR
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~,  Copoirmdng guapzchse Leaks

In order to confirm OT refute “he engpliolion ot
4 certain cell 1is leaking, 1% should be plscad On inverse
Recyéle to determine ~hether the inleakags 1s DOTE2- oT
above normal, Sinee the cell is a2 closed system with nc
continuous G=74 purge; the inleakage will cause 2 gradual
rise in the G=74 concentration as well as the average pres-
sure cf the cell, If the oxygen shovws 2 gradual rise alsoy
an alr leak may pe suspected.

The per cent increase peT hour of G=74 concentra-
tion should be calculated after the Line Recorder has been
analyzing the cell for at least 30 minutess Readings should
be corrected for amplifier zero and pirani deviatlions. Use
the following equaticns: _

Corrected Signal = (Reading x Sens. Factor) = Ampl, ZeTo
Concentration < corrected Signal X Constaht

3

¢ Increase/Hr. = Conc.p « Concel

‘ Pime Interval (Hours)
the constant 35 obtained from the Calibration chart posted
above that L. R, Unit. If the Pirani reading is different
from the proper value for that concentration (see page 108 ),
Eorrect the signal bY mltiplying 1% by the ratio of
correct Pirani value/actual Pirani readinge. Although the
above calculations may seem somewhat complex, they should be
used if accuracy 1s requiredo Be sure that the machine 1s
peaked and recently calibrated or the readings may be off.
The actual jnleakage rate can bve ealculated with falir
accuracy (within 10 per cent) with the following formlas?
inl, Rate = % increase per hour x F X Cell préssure

213~ SR
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The cell pressure is the sverage ol the high-sile
aressures of all the stages of that cell cver tioe nericd
that the change in concentration was deternined The
valua of F for different sections is given in the vable
helow, Also given are values for low inleakage anc naxinum
ailowable inleakage for cells in good condition. Consult
vith C.C.R. before deciding that the lnleakage is suffic-
lently great to warrart shutting the cell down for repalrs.
The value of T iz different at higher G-~74 ceoncentrations.

t low G-74

[V

it is advisablz to take all inleakags rates

chan

o

concentrations since there is a greatve

3
®

in signai

Oy

per unit inlealage at the lower concentrations. Results

at high G-74 concentrations are often unreligble.

SECTION B Low Inleakage Msx. I
311 — ——— S
310 — — —
309 —_— —_— —
301 — — —
302 . U —e
303 —— — ——
304 —— R ——
30% —— —eeen —
306 —— — i

~Purge . —_— — —

|
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o Procedure for Ordinary Repair Vork.

lMany troubles arise in the ILine Recorder
stations which require the assistance of the
repair crews from the Maintenance Department. A
few of these troubles are:

1. Leaky Manifold lines or valves,

2 . Defective valves (Crane "T", ete.).

3. Sampling ianifold leaks,

4, Cracked M.S. tube {glassware).

5. Secatter of prin{points°

6. Defective or incorrect Pirani readings:

7. Amplifier out of adjustment.

8. Loss of vacuum with the IM.S. tube,

9. Contaminated calibratibn samples.

103 Mﬁcromax not printing correct readings as

compared to the Amplifier Zero or Pirani gaga.

Or any trouble that willl cause error in data
taken.
To obtain prompt and efficient repair service
it will be the responsibillity of the operator to notify
the shift supervisor of the trouble. The shift supere
visor will dlagnose the trouble to the best of his
abllity and if assistance is required will contact the
Section Supervisor,
Upon determining the ﬁecessary repalir a work
supplement order shall be made out by the supervisor

SShiadiine
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st man in chonge of varin oriors NC UL Lsiniooang .
repalr crew, .
I} =~ 3 Loy s~ P o™

The corract procadure on writing i RepalT Crider

Supplement Form (WCX - 170) should ne as feliows:

2, IFile the blue copy.

3. Give the tvhite and pink ccpies tc the Tnstru~
ment Dept. rminrazance Shift Supervizor. (It
has been dzcided that the L.R. supelvizor
will either leave the Repair Or "or Suprlcment

Form in the station that needs repalr ra

then notify the I.D. supcrvisor or *zke the

4, When the maintenance man arrlves to do the
nscessary work tﬁe L. R. operator must
recelve the supervisor% permission.to allow
the men to wvork. "7‘”;‘

5. The operator will entér the form number and ‘
the time that work started in the Station.
Log Book, .

6, A "Uaintenance" tag is put in the window - REES
of the Micromax of the troubled machine. (Tbﬁé
45 at times not necessary if the machine can ‘

be kept opefatinga) | : 'ii,

7. When the work 1s completed the operator shall

notify the Section Supervisor. He will check S
the repair job and if satisfactory sign the

white copy of the order. This then certifies

that the work was properly done and checked.
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wweantance O A Nachine with A Renla
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Whenever a Lins Recorder zacs o
pansl will be Teplazssd with one thst nas vesn checlied
and 2prroved. However, thls new panel =ay differ in
regards to the old panel snough to ef¥fect the cali-
tration of the machine

To check the calibration it is suggrestsd that the
machine be left running on the same cell during replace-
zent of the panel, and then noting if the readings for
the dirferent massss correspond clzsely before and after
the machine vwas repaired, If the readings do not coircidse, ’
a 95-L or *95-5-2 check should be run %c determire exactly

the accuracy of the macnins.

* A 95-3=2 gheck is run the same as the 95«5 check.

(It contains 355 C-5616, 3% G-74, & 2% C-816.) o
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R o '}'?i‘ 7 - Turn "the channel sensitivity switches

EMERGEN.Y PROCELURE g

e e

A. Power Fajlureg
When the electric power to the L. R.

equipment fails, the operator vill knoﬁ immediately
since all of the pilot lights will go out, the oul-
put meter on the D. C. Amplifier Panel (if on) will
read off scalq, all the fore pumps will stop and

il

- in some casés the ceiling.liéhts will go out,

In the case of a pover fazilure, the pre-
cautidnslwhich are to be taken are fairly simple,
The dangers that may be encounterad are the loss of
vacunm With oil being drawn into the fore pump, and
damaﬂe to the amplifier by the draining of the out-

put batte 1es or burping-up of the output meter.

- I

To prevent this damage-

1= Cloee the shut-off valves to the fore o ‘i¥;fé~

pumps cf eacL tuba FaCko - ' o

- L 2 . Open the fore pump vent valves on each i‘
tube rac& momentarily and. then close them, B

*‘i“459§fu~3 - Close Valve 152 on each tube rack. .éig

»

N 7151, ’,n~ 4 - Close valves 95 and 96 of the manifold :

-.
e

- %ﬁ sfgf_ Open valve'94a‘

6 - Turn output meter sensitivity switch
to "ofr"' ’ - o
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8 -~ Turn the Acceleration Voltage
Selector switch to the "off" positioa.

9 - Turn the IL éo tube filament switch
to "off", ‘

When the Power returns and the pilot
lights are on, the procedures are:

1 -~ Check all vent valves on Tube Racks
and manifolds. |

2 ~ Start up fore pumps.

3 - When pressure at the fore pump suction
(See T.C. #2) is less than 15 microns and the mercury
has been distilling over ﬁof 5 minutes or more, open
the bygpass valve on the tube rack. Close the shut-
of f valve between the diffusion pump and the mechanie
cal pump. .

4 ~ Pump the line behind the ad justable

‘leak down to 15 microns. Close the by-pass valve,
and open the Egre pump shut-off valves. This should
be done only if the fore pump pressure (T.C. #2) is
approximately the same or lower than the diffusion
pump pressure (T.C. #1).

5 - Check the 11.S. tube pressure by means
of the Jon Gagée If this pressure 1s 1 x 11.0“6 mm of
Hg. or less, open valve 152 slowly so that the Ion
Gage does not exceed 1 x 10-D.

6 - Open valves 152, 95 and %6.

7 - Turn the Acceleration Voltage Selector

——

-switeh to "Record'.

«302=-



Rev. dNo. 3
August 24, 194
8 -~ Switch on the M. S, tube filoment.
9 - Adjust;the sensitivity controls to
their proper value.

B. Water Supply Feilureg

The weter supply for the L. R. equipment is pro-~
vided by the senitery water system which is =t times subject
té failure., When this heppens there is dinger in loss of mac-
uvm, loss of wn excessive cmount of mercury «nd in possitle
cracking of the weter jacket that surrounds the diitusion pump.

In such cases, the wction tuken for the sufe~gucrding
of stetion equipment will be:

* 1 - vwhen the operztor notes thut the water supply
hzs failed,‘he will lmmediately noﬁify hes chift supervisor.

2 ~ Upon determinution that the wcter supply will
be off for more then 5 minutes the operator will:

a, Turn off the heater current to
all diffusion pumps (tube rucks w«nd
menifold).

b, Isolate &«ll tube rack pump set-ups
in the stetion by closing velve 152, «nd
96 for the manifold pump.

¢. Cut the M. S. tobe :nd Ion Gage filement

supplies.




d. Check all cold traps and slush

traps for proper coolent level - if

quite low, refill or call the cold

trap operator.

E. After the Diffusion Pump heaters have

been off for a vperiod of 1/2 hour or more,

close the fore pump, shut off wvalves.

When the water supﬁly is replenished or repaired:

3. Switch on the heater currents znd ellow the dif-
fusion pumps tc hest until the mercury has distilled over for
at leust 5 minutes, then open the by-pass valve on the tube rack,
Pump the line behind the adjustable leak down to 15 microns, close
the by-pass valve and open the fore pump shut-off valves. This
should be done only if the fore pump (T.C. #2) is approximately the
seme or lower than the diffusion pump pressure (T. C. #1).

4. When these conditions have been obtuined open the
fore pump shut-off valve for the menifold pumps as described above
and valve 96.

5. Check the M. 8. tube pressure by means of Iom Gauge.
If this pressure is 1 x 10"'6 mm of HE. or less, open valve 152 slowly

so that Ion Gage does not exceed 5 x 10°5

mn of Hg.

6. After the pressure in the M. S. tube has decressed
to the value it originally wes at before the water fzilure, switch
the filaments on and adjust sensitivities to meet the new readings.

If for any resson the tube gives erroneous recdings

as compared to the previous ones (after a period of 1 hour), mainte-

nance should be contacted through the shift supervisor.
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¢or an ilinesz o7 qoertent rapoTt. (Ccnpany

policy states chat 3 complets rerort must e

“turped in within 24 nourcs ). This information 18

forvarded to lr. Fleshman.
(@) Provide a reliet operator.

2 . FKeep calm 235 in any amergencey,

i

Pemember that mocst sunervisors ire xperisnc 1t ia

First Aid measur=s.

.

1 - The fadt-s* change hcouses ars »rogingd
with cots and attendiants for women bHoo 111 ¢
continue working. Nepnft hegitate o not 1Ly woar

supervisor who S31D sexr Thatl ralinf is ande 5v2il-

4 - 1n the 2is rhe ipniury is ~f 3 mirar
snlar ek {cuch ag sampiing

cleoging 2 valve, «fc.! anouit o complatade S Aiuavs

Ltation Status

properly.,




N - . . e TS P T e~ . Ex3 ) ~ ~
S Lors of Vacuum dve To Tube T

As with all scuipment. zccidental damzge - 11

sceur even when the operating versonnsl may be ns

&
Ei[

In a case where the #.S., tube has been froce-
tured and the nressure has risen so that the “lla.-
ments cut-off, the following proczdure is used:

1, Turn the High ¥oltage supply and Enissicn

Regulator to Q;;cb

2. Close valve 152 on the Tube Rack,

3. Close down the adjustable leak,

4, Close the fore pump line valve,

5. Bleed the fore pump to atmosphere.

6. Turn the heater current of the Diffusion

Pump off,
7. Notify your supervisor so he may call

maintenance.,

8. Tag the machine "Maint."

Some of the symptoms that indicate a high tube
pressure are: ‘
1. PFilaments cutting off,
2o Arcing of thes Bigh Voltage across the Accel-
eration plates, ‘
3. Bubbling noise from the fors-pump.
4, In extreme cases, the hissing of air that

1s leaking into the tube,
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the most repair work. In casgs chese 27 she other

units become defesctive the procedure Jili 2

fcllovs:

-
A0

2o

3.
4o

oS
Wotify your superviscr ifEmediataiy .
Check thoroughly a units 23 describec

Fl;ameh.o

Surn all sensitivitdies of “he reccrder O L7

Keep a ca reful check on the 1.5, Lube
pressure by reading the Ion 3Zage gualte
frequentliy.

Allow maintenance to check the macaine 1S
soon as they arrive.(This duty shounld Te

taken care of by the supervisor. !}

Symptoms that indicate a defective electronic

cigcuit

1.
26

3.

are numerous, out a few are:
Extremely Low or High recorder readings,
Scatter cf print points.

Fluctuating Emission reading.
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Sample Flow to Tube Raclk 55 210
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Spare Recordep s > 205, 208
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Temperature Control

6
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Torquing Valves 101
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Watep Failure 303
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